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ABSTRACT

INTRODUCTION

The closlng of GLen Canyon Dam ln March 1953 marked a change
ln tenporal discharge patterns 1n the Colorado River 1n Glen and
Grand canyons. Prlor to cloaure, there waa Llttle datly
varlatlon ln diecharge of the Colorado Rlver ln our study area.
Rather, the variat lon waa seaaonal, largely due to snowmelt
runoff wlth occastonaL sumuer floods and perlods of drought.
Slnce the on6et of regulated flows, the seasonal pulse ln
dlscharge from snowmelt has contlnued, although nuch abated Ln

rnbst years. Much of the varlatlon norr occurs on a dally basls
wlth'darn releases dictated by needs for hydropower ln the growlng
Eetropolltan areaa of the southwestern Unlted States.

Thls study was conducted aa part of the Glen Canyon

EnvLronnental StudieB (GCES)., a nulttdlsclpllnary effort to gal'n
knowledge on the effects of current and proposed operatlo.ns of
Glen Canyon Dam on the reFources of the Colorado River and lts
ttlbutarles ln Glen and Grand canyon8. ObJectLves of the present
study lrere as follows:

1. Determine the dtstribution, relatlve abundance, habitat
uttllzatlonr E€productlve actlvity, movement, growth'
and food resource utlllzatlon of fishes of the Colorado
Rlver and ltB trLbutariee;

Deternlne the relat ive inport ance of the malns tem

Colorado and lte trlbutarles to life hlstory stages of
natlve and introduced flshes Ln the study area;

,

Assess the relative lnportance of natural reproductlon
and artlflclal propagatlon (stocktng) to the
naLntenance of the trout ftshery ln the Glen Canyon

tallwater;

Evaluate and predlct the effects of datly fLow
fluctuatlons, due to operatlon of Glen Canyon Dam, on

natlve and lntroduced fiehes to lnclude ditect effeets
sueh as strandltg, and those brought about by changes
ln water quality, habttat avatlabtllty'
resource s r

2.

3.

4.

-I-
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I{ATER CIIE!{ISTRY .

During the course of thls etudy oean and coefflclent of
varlatlon of dal1y fLows at Lee'B ,Ferry, 26 km below the dam,

varled f rom 3 1487 cfs to 5l ,5'7,9,,, ef,s and OZ to 100' 52 '
respect lvely.

Except during perlods of floiidtrrg when spl1lway releaees
occurr'dlecharge through the daro Lsl,drawn from the depths of Lake

Powe11, more than 60 m below surface at naxflul::"g".. t::""
watera are perennially cold, varylng only from 6-120c, and seldom
warrn to more than 15.5oC at Dl.anond Creek' Trlbutary lnflows
are generaLly ltarmer ln summer and colder ln wlnter than the
rnalnstem, but thelr conbined dlscharge is lnsufflcient to affect
the Colorado Rlver.

MaJor1onProportl.one1ntheCo1oradoRl'verare:Ca)Na>
Mg

doLornttlc waters with htgh proPortLorrs 9f Ca, Mg, and ItCO3 to
saline sodlum chlorlde waters, but'they produced only a sllght
Lncrease of Na and Cl proportlone Ln the malnstream durlng thls
study. Mean conductlvlty values Lncreased only from 709 uS to
744 uS between the upper and lower reaches of the etudy 8r€8r

Mean nainetream NO3-N02 concentratlons varled between 315

ugll and 350 ug/L wlth no apparent downstream trend. . Trlbutaries
nere more variable wlth meana of' l3-759 uglL. Ammonla leveIs
nere generally <57. those of NO3-NO2 Ln the Colorado Rlver and lts
trlbutaries. Soluble reactlve and total phosphate nean

concentratLons exhibtted a downstream I'ncrease ln the
mal.nstr€8In. Mean valuee ranged from 11.0-17tr.5 ug/1 for the
former and 15.8-290.9 uglL for,the l-atter. Observed Lncreaees
nere attrlbutable largely to lnputs from the Parla and Llttle
Colorado rivers. ,, ,

Molar N/P ratlos ln the Colorado Rlver suggest that thls
system, If nutrLent llntted ln prl.nary productLvlty, ls llnited
by phosphorus. Such Llnitatlon nay not occur frequently'
however, except perhaps ln the reach above the Llttle Colorado
River. Below the Llttle Colorado, dlssolved phosphorus
concent,ratl.ons lncrease, birt thls 1s accompanled by conslderable
reductlon Ln ltght penetratlon durlng fLooding.
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DISTRIBUTION .AND ABUNDANCE

The Colorado Rlver below Glen Canyon Dan has changed from a

system of endemlc and rtarmltater specles prLor to and lrnnedlately
after closure of the dan to a syste!0 donlnated'by coldwater and

eurythernal flshes. Although aone nat1ve specles have persleted
through the ehangtng envlronment ' many have been extlrpated
lncludlng Colorado squawfish, bonytall ch'ub, roundtall chub, and,

probabLy, razorback sucker. Most warmrvater specles present ln
f963 have elther disappeared or decreased ln abundancei Rainbow

and brown trout have Lncreased due to 6tocklng and a more

favorable envtrronment

Water temperature, clarlty, food abundance, fish stocklng r

trLbutary locations, and backwater abundance seem to be lnportant
factorB to flsh dte trlbution ln the rl'ver. Decreased water

temperature has been con6ldered one of the prlmary r€a8ons for
the extlrpatlon of natlve flshes fron regulated portions of the

Colorado Rlv€r. Ra!.nbow trout were collected throughout the

study area, though catch rate6 ltere htgheet I'n the taLlwater'
Stocklng of fingerllng rainbow trout and'the relatlve abundance

of food ltens nay contrlbute to the abundance of trout in Reach

10.

Brown trout abundance ln the rlver aeems to have lncreased
slnce the examlnation of ftsh dlstributlon by Carothers et a1'
(1981). Most of the lncrease has occurred ln reaehes 30 and 40

above and below the confluence of Brtghg Angel Creek' Brook

trout distrlbution decllned wlth dlstance downriver' . Thelr
dlstrlbutlon appears to be controlled more by etocklng and

dlspersal downrlver than by natural reproductl.on.

Other lnt roduced s Pe cL es s uch
minnow we r e mo s t abund ant ln the
Thts may be related to hfgher water

AduLt and larval bluehead sucker and speckLed dace were most

abundant ln the lower reach€sr l.10st adult f lannelnouth If ere

collected {n Reach 10, with juvenlle and larval flsh ln the lower

reacheB. The lower portlon of the rl.ver aervea aE an lnportant
nursery and rearLng area, and as these fleh grow they dlstrlbute
throughout the river.

Adult humpback chub, though found
genera 11y caPt ured ln the Proxlmtt y

as comuon carp and fathead
lower reaches of the rlver.
tenperatur€-

ln reaches 2A'50r were

of the Ltttle Colorado
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RLver. Moet y-o-y and subadult huupbachl.chUb,lrere.collected f ron
reaches 30 and 50, where most Uac,kw,11ef s" occur.

Adult ralnbow trout habltr:t.,rreg,,;"616fered between reaches
above and below the Little ,Co!.oredo,. Rlverr P€rhaps due to
lncreased turbldlty below the LcR,-.,,,:.,ttalnbow trout f ry selected
habttats wlth low or no current. Brown trout ltere caught ln
areaa wl.thout vegetat lon.

Carp preferred habltats wlth siow"r water veloclty. Fathead
mLnnow denslty was highe"t' ,talOng , runs with vegetatlon.
Vegetatlon served to dtnlntsh cu;ient velocity and probably
provlded subetrate for food E€sourc€8. Fluctuatlng 

_ 
flows 

1"y
af f ect populatLon sLze, depend{ng:,r,lon the ef f ect of creating
warmwaterr lsolated and 'connectedi 'backwaters for reproductlont
and therr flushtng fish hatched in'l, theee envlronments back lnto
the maLnchannel.

.. .:, ., ,i,.

The htgher velocity rune and sldechannele and rubble
substrate selected by bluehead I'sucker are probabLy feedlng
areas . I{hen water leveLs drop r ,thege .'sha1low areas are probably
exposed. Larval bluehead sucker were generall-y ln shallow
backwaters and may also be af f ected ,by changtng water l.evels.

Backwaters, where flannelnouth gucker catch ltas greatest t

nay be f eedlng, reBtlng ,?nd, ppawn.lng habltats f or thls specl'eg.
If water level fluctuatee 1n late sprlng or early summer t

survlvaL and event'ual :recrpltment of thls EPecles could be

ltnlted. Speckled dace, lrere collected from a. varlety of habttatg
but seened to be conceltrsq€d ,1r,.backwaters and sidechannels
where watera lrere ltaroer than the ual.nchannel.

Adult and subadult hurnpback chub nere generally eoll-ected
along cliffs and boulders ln the nalnchannetr. Vegetation did not
appear to be Lnportant. Y-o-y chubs nere captured Ln sandy runs
and backwaters. Although larvae of other native flshes Iilere
collected from mainchannel Bitesr rro hunpback chub larvae ltere
found outslde ttre LCR, and mainchannel water temperatures are
probably letha1 to larvae of thls species. Mainchannel abundance
nay be dependent upon the carrylng capacity and success of
reproductlon wlthtn the LCR.

CoLorado Rlver backwaters are lnportant nursery and rearlng
areas for both natlve and lntroduced flshes (Valdez et al.
1986). Backweters ln our etudy erea appear to be very lnportant
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ro fishes durlng the perlod of sprlng through early autumn. l{hen
backwaters cool to near or below nalnchannel water tenperaturet
abundance of fish decreases. Introduced fishes were generally
more abundant than natLves Ln babkwat€EBo

Of natlve fishes found ln backwaters, flannelnouth sucker
and speckled dace showed a decllne ln CPUE and relatlve abundance
durlng the October 1985 fluctuating flows, whereas hunpback chub

and bLuehead sucker generaLly increased. Results could have been

much dlfferent tf fluctuatlng flows had occurred durlng summer

when many of these specles are in their larval stages. Larval
flsh have much less noblllty and are more vulnerable to river
currents than older, larger lndlvlduals.

TRI BUTARI ES

TrLbutaries are lnportant Ln malntalnlng both endemlc and

lntroduced ftsh specles of the Colorado Rlver. Trout ltere
captured most frequently ln winter and early sprlng when water
tenperatures were lowest. Uost natlve 

- 
fish were found in

lributarles ln late sprlng and summer when temperatures far
exceeded those of the nalnchannel.

Natlve flshes and the lntroduced trout species also
demonstrated different use Patterns by trlbutary type. NatLve
fishes were most conmon ln streams classtfled as naJor
trlbutarles wlth low gradlente and orlgl.natlng outslde Grand

Canyonl €og. Paria and Ltttle Colorado rivers and Kanab Creek.

conversely, t rout prefe rred t r lbut arLes that are steeP in
gradientr r€latlve1y atralght, and orlglnate as sprLnge ln Grand

Canyonr €.8. Tapeata' Brlght Angel, and Shlnuno creekg'

The Little Colorado Rlver apPears to be cruclal to the long-
t erm survLval of humpback chub. No evidence rras found to

indicate that naJor spawnlng areas occur outsl'de thts trlbutafl'
although as has been noted in other studies, Shlnurno and Havasu

creeks eould support ltmited reproductl"on. ltaLnchanne I
reproductlon by hurnpback chub is at best extrenely llnlted, or
more like1y nonexlstent aa a result of cold water tenperatures.
The mlxing zotte forned at the mouth of the LittLe CoLorado Rlver
appears to provide a thernal intergrade between the cold
malnchannel and the warm trlbutary. Our collectlons lndicate
Ehts nay be an lnportant stagtng area for larva1 chubs before
entering the mainstream.
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MAINCHANNEL REPRODUCTIQN 
.l 

' ,' ,' ,, t::,.f'.r, : : , '

varlatlon in water flow has o"*oi ''"noto to affect trout
spawnLng and may have been reBponsrirg,l|r'the temporal shif t ln
reproductlve actlvlty obeerved durlrig'ihis atudy ln Reach l0'
Reachee below Lee-s Ferry eeened lcae dlsrupted by changes ln
f1ow. Fry denslty ln 3 of '4 ,,t"iih"" aPpeared related to
proxLnlty of trlbutary atrean6. , ',, ',,f14,,t,,' 

,

Brown trout populatLon leve!-s",.li{n the nalnchannel may be

controlLed by reproductlon ln and.rr,eC,Tultnent fron trlbutarles to
the Colorado Rlver. It appearB brook trout numbers are
nal.ntained only through stocFlng.i,,,,,,.l...,

Malnchannel reproduction y.Othet, lntroduced f1sh, lncluding
common carp and, fathead mlnaow, appeared to occur onLy ln
backwaters, because malnchannel tenperatures tnhtblt spawning'
MaLnchannel reproductLon by nattve flehes also aPpearB ltnlted;
however, thls habitat serves .8s an llapgrtant nuraery and rearlng
area for flshes spawned ln Uotti trlbutaries and nalnchannel.
Most larval bluehead sucker were collected from backwatere Ln

lower reaches., ConcentratLons of flannelnouth suckers ln
reproductl.ve conditlon lrere oft:en found at trl.butary nouths and

ln connected backwaters. Larvae were collected from the
malnchannel only Ln reaches {'$ lgnd 50. ''i : ':

The Grand Canyon populatlon of :hunpback chub 8paltns between
March and June ln the.Little Colorado Rl'ver. Malnchanne l-

temperatures may not be waru enough to lnitlate epawnLng. Y-o-y
chub were collected ln ,lower,, reaches of the rtver, however t

suggesting that spawnlng areas other than the LCR nay be present.

I'{OVEUENT

ltovement waE examlned by tag-recapture, oxytetracycllne dye
marks and fln cllps. .

The naJorlty of tagged and recaptured fieh were ralnbow
trout. Most movement appeared to be assocLated wlth
reproductlon; novement to and fron trlbutarles durlng spawnlng
aeason naa obaerved for ralnbow trout, brown trout, flannelnouth
sucker and hunpback chub.

oxytetracycllne dye narked flngerltng rainbow trout were
stocked at Lee's Ferry fron 0ctober f983 to Aprll 1986. RaLnbow

trout were then eanpled fron all reaches to docunent disperaal of
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these stocked trout. Dye narked trout represent 6lZ of the
sanpled fleh ln Reach 10, but very few narked lndlvLduale ttere
collected dosnriver. Natural reproduetion ls occurrLng ln the
Lee-s Ferry area for all sarnpled fish 100 um or snaller were not
dyed. Ral.nbow trout that were qot dyed constituted 27.52 of
lndlviduals checked ln the creel.

FISH FOOD RESOURCES

Food reBource ut1l. lzatLon of fishes lraa exanlned by analysls
of gut contents. Gut analyses were accompllehed for fry of three
epecles; ralnbow trout, bluehead sucker, and flannelnouth
sucker. Only adult rel.nbot{ trout gutB Itere examined.

Inmature, chironomlds . were numerlcally predominant in fry
guts of all three epecles. Zooplankton, prLnarlly copepods and
cladocerans, lras of second htghest proportlon ln flannelnouth
sucker and oaLnetream ralnbow trout fry, but other lmuature
insects held thls poeLtlon tn bluehead sucker fry. Proportlon of
zooplankton decllned dramatlcally ln rainbow trout fry collected
below Reach 10.

Adult ralnbow trout guts had high volumetrl.c proportlons of
the fllanentous green alga, -gfadophora- glomerata, lmmature
insects (nainly chlrononids and slnulltds ) r or the arnphipod,
Gannarug laguetris, dependlng on the stream reach consldered.
Proportlons of these maJor food groups also varled on a aeasonal
basl.s. Ganmarus proportlon Lncreased dramatleally durlng a

perlod when dam reLeasee lrere dropped dellberately. ThLs
Buggests that the anphlpod's susceptlbtltty to trout predatlon
can be affected by operatLons of Glen Canyon Dam.

ACE AND GROWTH

Length frequency dietrlbutions were used to estlmate growth
of fieh because it was not posstble to age ftsh by conventional
scale and otollth methods. Growth rate of ralnbow trout was

hlgheet ln upper reaches of the Colorado Rlver and decreased
below the confLuence of the Ltttle Colorado Rlver. Conditl.on
factors for rainbow trout also decreased wlth dtetance downstream
from Glen Canyon Dam.

Flret year growth of hunpback chub liras estlmated to be 7C mm

based on length frequencLes. Growth of adulte ()ZSO nn) wag

estinated to be approxlnately l0 mn/yr. Firet year growth of
bluehead and flannelrnouth sucker ltas estiuated to be
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approxLmately 70-100 mm based
adult suckers was variable but

on Length freguencles '
generall Y s low.

Growt h of

LEE. s FERRY FrsHERy , ,,:,..t.,,,,, ., :

A strattfied creel survey r;;,t1;"irr"..u t, Lee's Ferry fron
January 1984 to May 1986, and pa3t,, creel records were anal yzed.
Flehlng presBure Lncreaeed gr""'tlyl;:'fror lg77 to 1983 and then
decreaeed greatly durLng each year of'our study. Catch rates for
trout Lncreaeed from Ig77 to 1985i ,and then decreased Ln 1986 'probably due to a change in flehtng,regulatlonE.

. I :... .

Mean lengths of creeled ralnbow trout decreased from 1977 to
r985, probably due to lack of 'etocklng fron Aprtl 1978 to o"9:.:.
1980, and hlgher angler harvest. ltean Lengths lncreased ln 1986t
yet few large flsh nere checked at :the creel statLon.

There lrere signlficant seaaonal dlfferenceB ln catch rates
for total trout and ln" mean lengths and iondltLon factors for
ralnbow trout. Catch rates and,mean lengths rtere greateBt durLng
wlnter coincldtng wlth tl" ral.nbow trout sPawn. Mean condltlon
factors lrere lowest du,ring wLnter,

Datly catch rateB varl.ed algnlficantly wlth dally mean

f1ow.. Catch rateB lrere hlghest when mean dal1y flows were l-ees
than l4,0OO cfs. Dally catch rateB also varled elgnlflcantly
wlth dlscharge categorlee whlch lncluded effects of both mean and
coefflclent of variatl.on of datly flow.
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INTRODU CT I ON

The closlng of Gl.en Canyon Dam tn March 1963 produced a

maJor change l.n tenporal dlscharge patterna of the Colorado Rlver
1n Glen and Grand canyons ( Ftgure I . I ) . Durlng the predan perlod
of meaaure, annual dlscharge volunes and maxlmun discharges
varl.ed greatly fron year to year. Maxlmun flows exceedlng 50r000
cubic feet per second (cfe) were coumon. For 20 years followlng
the daa's clbeure, durlng whlch tlme Lake Powell wae filltng'
regulated maxlmum flows exceeded 50 r 000 cfs ln one year and

30,000 cf s ln only ttto addtt lonal years. Sl'nce early t 983 ,

however, a comblnatlon of hlgh runoff from snowmelt and the htgh
stage of Lake Powe1l hae','reeulted ln maxlmuin flows at Lee-s
Ferry I b"tween 45 ,000 cfs and 92 ,500 cfs. In contras t , 

_ 
t1o1i:t

f1ows, both pre- and post-dan, have been.ln the range of 1'000-
4rO0O cfs durlng most recorded years.

Prl.or to the cloeure of Glen Canyon Dam, there wes 1tttle
dal1y varlatlon in dLscharge of the Colorado River ln the study
8f€€lr Rather, the varlatlon was seasonal, 1-argely due to
enowmelt runoff (Aprtl-June) wtth occaslonal summer floods and

perlods of Eummer drought. Slnce the onset of regulated flows'
the seasonal pulse ln dlscharge fron snownelt has contlnued,
although nuch abated ln moBt yeare. Much of the varlatlon '
however, now occure on a dally basis nith dam releases dlctated
by needs for hydropower Ln the growing metropolltan areas of the
southlrestern Unlted States. This varlatlon, which ls remlnlscent
of tldes ln marine 8ystem6, has no known corollary ln the

evolutLonary hlstory of the natLve flora and fauna of the

Colorado RLver.

Durlng peaklng power perlods, m!nlmal water Ls released from
the re6ervol.r at nlght when the dernand for power ls low, and

dlscharge is increased dramatlcally during high demand daytine
houra. Weekends and holldays are often characterlzed by extended
perlods of low fLowo

lThroughout thts report we wl11 observe the spelling tt!":'"_
Ferryrf ln reference to the slght formerly occupled by John D. Lee

and usea to fetty boats across the Colorado Rl.ver. In this
respect, we folLow Rusho and CranPton (1981) and concur wlth-
thelr findtng that the spelllng "iees Ferryrt as commonly used Ls
;.:.both ln loor graumar and poor hlatory, slnce no Person named

Lees Iilas ever Lnvolved. tt

1,
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Fluctuatlng releaseg from reservol.rs cause najor changes Ln
the physlcochemlcal envlronment of recelvlng streams. Water
veloclty, depth, width, amount of wetted perlmeter, temperature
and other lrater quallty varlables are affected by varylng flows,
and these changes ln turn l-npact the'aquatic biota below dans.
Variable flow patterns below dans lnpact the entlre food chaln
from priuary producers (Neel 1963 ) to LnvertebraEes ( Fisher and
LaVoy 1972, Trotzky and 'Gregory 1974) 'to the fish fauna
(Bauersfeld 1978, Becker et a1. 1981 ).

In a 1956 U.S. Fish and I{iLd1lfe Service (FI{S) report,
recommendations were nade to maintaln a mlnimal instantaneous
release of 8r000 cfs from Glen Canyon Dam. The proposal included
a recommendation to maLntaln a variatlon ln the rate of release
of 5OZ or less wlthln any one-hour perlod (Nelson et a1. lg76).
These recommendatlons lrere " made without supportl.ve blological
data from the down rLver regl.on. The Bureau of Reclamatlon (BOR)

rej ected both recommendatlons , though the Secretary of the
Interlor decrebd a I,000 cfe mlnimum. .

The conaequences of theee actlons or the effects of varlable
release patterna from Glen Canyon Dan have never been examlned
for the Glen and Grand cenyon reach of the Colorado Rl.ver. The
present study provLdes the flrst comprehensLve effort to
understand the relatlonshlps between operatlon of Glen Canyon Dam

and the aquatlc resources below

OBJE CTIVES

The field aquatlc portlon of the Glen Canyon EnvLronmental
Studles began tn Aprl1 I 984 and ended Ln June I 986. Thls
lncLuded l4 nal or river trlps as we1 I as shorter term dpta
collectl.on at lnporta,nt rlver locations.

An agreement between ArLzona Gaue and Flsh Department (AGfD)
and BOR establlshed broad obJectlves ln an attenpt to better
understand the aquatl.c ecosystem and its relatlonshl.p to
fluctuatlng f1ows. The broad obJectlves of the present study
were to: "l) determine the lmportance of the nainstream Colorado
Rlver and thc lnpact of.fluctuatlng fLow levels wlthln the Grand
Canyon to the natlve and exotl.c aquatii specles; 2) determlne the
Lnportance of the trlbutarles to natlve and exotic fteh life
hlstorles and determLne tr{butary lnportance to the overaLl
native and sPort flsherles of the Canyon; 3) determl.ne the
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effects of fluctuatlng flows on Gladophora Life hlstory; 4)-

deternlne the effects of fluctuatfng.-flows on phytoplankton and

zooplankton Lif e stages and the .;utl1'l zatLon and lnportance of
these plankton 'to the 'flsh speCies, at varlous ltfe stages
throughout the study area; and 5).:deternlne the lurportance of
natural reproduction verBus artlflclal Propagetlon to the
naintenence of the trout flshery Ln the GLen Canyon tallwater.
In addttlon to these objeetLvesr w€ lrere to lnclude an analysls
of potentlal alternatlve operating crlterla consLstent with
Colorado Rl.ver Storage ProJect (CRSP) requlrements and to propose
feastble alternatLves

The flrst obJective was to collect basellne data on fish
specles composLtion and dlstrlbutlon ln the Colorado Rlver. Thls
lnformation allowed the nore lnportant second objective of
comparlng uae of mainchannel and tributarLes for spawnlng dnd

nursery areas for larval fi.shee and rearlng of 'older' flsh.
ObJectLve three was addreseed through a conblnation of fteld and
laboratory studles by res earchers at Northern Arizona
UniversLty. Because larval 1lfe stages of. f.lshes , may be
dependent on zooplankton, obJectlve fo'ur was lncluded. A

combl.natlon of plankton samples and larvaL fish gut analysls'tras
tncorporated to address thls obJective. The ftfth objectlve rtaa

to establlsh whether raLnbow trout ln the Glen Canyon tallwater
lrere naturally reproduclng and, tf Bo r how uuch they contrlbuted
to the cree1. Other aspects of the ecosysten not covered Ln

theee obJectlves but consLdered lrnportant were also addressed.

The flve dlscharge scenarios are based on the mlnLmum

rel-ease (8.3 nl111on acre feet Inaf]) establlshed by 1aw that
must be released annually through Glen Canyon Dam. , A release
pattern based on 8.3 naf could have alnost any conbinatlon of
st eady and fluctuat lng flows r A major factor that af,fected
collection and analysls of data rras the amount of runoff during
the study peri.od. Annual releases from the dam ranged fron 16'6-
21. I naf during our study. Because of these hlgh releaEes BOR

lras not able to provlde the varLous flow patterna neceasary to
address all the questlons ralsed ln the study obJectlves. Most
data collectlon occurred durlng perlods of hlgh steady
releas€s. Only brlef perlods of fluctuatlons were provided
durlng the study, and theee genepally came durlng autumn and
winter.

-L2-



Flve alternatLve release patterns provlded by BOR for
evaluatlon are lncluded Lu this report' As requested by BOR'

dlscharges are llsted in Engllsh unlts while all other measures

are metrlc. This was done because of the wlde acceptance of
cublc feet per second (cfs) by the partlclpating agencles. Rl'ver
uiles throughout thls report are considered locatlons, whl'le
distances between locatlons are ln metrLc unl.ts.
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STUDY AREA

The Colorado Rlver rras divlded lnto an upper and lower baeln
by the Colorado Rlver Compact of lg22 with Lee-s Ferry as the
boundary dtvision between baslns (Fllure 2.1). The study area
Lncludes 26 kn of renowned trout flshery ln the uPper basln above
Lee-s Ferry to Glen Canyon Dan and 384 km ln the lower basin
betow Lee-s Ferry to Dlanond Creek.

The study area lras dtvtded Lnto fLve reaches, nunbered 10'
2Or 30r 40, and 50, respectlvely (Tab1e 2.L). These correspond
to reaches established by the Unlted States Geological Survey
(USGS) 1n thelr study of sediment transPort. The 26 kn of rlver
from Glen Canyon Dan to the ParLa Rlver constitutes Reach l0 and
lncludes the flrst trlbutary below GIen Canyon Dam. Reach 20
extends from below the Parla Rlver to just below the confluence
of the Colorado and Llttle Colorado rlvers. Reach 20 includes
Nankoweap Creek and the Little Colorado Rlver. The thlrd reach,
Reach 30, extends fron that poLnt to Brtght Angel Creek near
Phanton Ran'ch and the heart of the Grand Canyon, Trlbutarles Ln
Reach 3O lnclude Clear and Brlght Angel creeks. Reach 40 beglns
below Bright Angel- Creek and ends at National Canyon, Rlver Mile
(RM) 1 66.5. Reach 40 contalns the most perennlal trlbutarLes ,
Lncluding Crysta1, Shl,nuno, Tapeats, Deer, Kanab, and Havasu
creeks. Reach 50 beglns at NatLonal Canyon and extends 109 kn to
above Dlanond Creek. Reach 50 le the only one that does not
contain a perennial trlbutary.

The river betlreen Glen Canyon Dam and Dlamond Creek has been
classlfted into four categoriee (Howard and Dolan 1981 ). The
flrst ls wlde valleys wlth freeLy meandering channel. thts
category 1s characterLzed by wide, shallow areas where cobble
bars average 215 m Ln wldth conpared to an average width of l2g m

at average fLood state (3r500 
^2l"ec). Such areas include Reach

l0 , and the upper port lon of reaches 30 and 50. The second
classtflcatlon 1s val.leys of lnternedlate width. These are
valleys constrlcted somewhat by reslstant sandstone or
llmestoo€o CobbLe bars ln these areaa are less abundant and
llnlted to the wLder portLons of the river. The third type ls
narron vall.eys ln fractured tgneous and metamorphlc rocks. These
are characterlzed by a narrow, steep-gradient channeL and deep
poo1s. The shorellne ls often cliff, and cobble bars are rdr€r
Thts area 1s often ca1led the "granite narronstt and extends fron
RM 77 to RM ll2. The last category ls narrow valI-ey 1n massl"ve

2.
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Table 2.L. DescrlptLon of eanpltng
trom Glen Canyon Dam.

rCach, river mile , and dlstancesLtes by

Sample Sltes Reach Rlver mlle a
Dlstance (Ifu) f rom
Glen Canyon Dam

Glen Canyon Dam

Lee t s Ferry

Paria RLver

Nankoweap Creek

Little Colorado RLver

Clear Creek

Brtght Angel Creek

Crystal Creek

Shlnumo Creek

Tapeats Creek

Deer Creek

Iknab Creek

Havasu Creek

NatLonal Canyon

Dl,amond Creek

-
10

11

2L

22

31

32

4L

42

43

44

45

46

40 (above)

50 (below)

15.5

0.0

1.0

52.0

61.5

' 84.0

98.0

98.0

108.5

134.0

136.0

143.5

157 .0

166.5

226.0

0

24.9

26.5

108.6

L23'.9

160.1

L66.5

L82.6

199. 5

240.5

243.8

255.8

277.6

292.8

388.6

a After Stevens ( 1983).
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Limestone. These are often areas of conatant wtdth wlth sheer
wall (cffff) for shorellne. Portions of Reach 40 fa11 wlthln
thls classtfieatlon.

The Colorado Rlver between Lee-s Ferry and Lake Mead drops
67L n ln elevation. The rlver Ls a aeries of long runa and short
steep raplds. These long r.uns have a water surface gradlent near
flve feet (ft; tn 10,000 (1.5/3048 n) (Leopold 1969). Raplds,
whtch account for most of the drop ln elevatl.on, fa11 5*17 ft Per
1,000 ( 1.5- 521304.8 m). Mean veloclty rhrough the rapids ls
generally ll to 15 feet per eecond (fps).

Trlbutartes to the Colorado Rlver withln thts study area
generally fit one of two categorles descrLbed by Hanblln and
Rlgby ( 1 968 ). The flret ' c6tegory Lncludes nal or streamg wLth
large dralnages, low gradlente and well developed meanders. The

Parla and Llttle Colorado rlvers and Kanab Creek ftt thls
deecriptl.on. In general, eubstrate ln thls type stream conslets
of slLt and clay.

The eecond type of trlbutary found ln the study area ls a

generally short r r€latlve1y 6tralght stream orlglnatlng frou
sprLngs'and seeps lssuLng from varlous geologlc formations wlthln
Grand Canyon. Gradlent ln these etreams ls generally 6teep, and,
aB a result, substrates are predomlnantly cobble, gravel, and
sand. Nankoweap, Brlght Ange1, Deer, and Tapeat8 are good
examples of thls type of str€8n.

-L7 -



WAT ER CH E}f I STRY

3 .1 I,TETHODS

!Iater quallty p"i"r"terB ,r"Jrured included diseharge,
tenperature, water clarlty, conductlvlty,.naJor lort and nutrlent
(nltrogen, phosphorus, and sllica) concentratlons, PH, and
dissolved oxygen levels. UafnstiL.rtaischarge measurements nere
taken from the USGS continuous stage recorder at Lee's Ferry, or
were eBtimated f ron the '80R . Stream Simulatlon and Reeervol.r
Regulatlon (SSARR) nodel ' (See' . Ci;f ' et al. 19 86 ). Tributary
dlscharges were calculated frou, depth-veloclty profllee made wlth
a meter stick and Marsh-McBlrney rltg.del 2OlD current meter. Water
tenPerature, conductlvlty, :pHr-, 1n4,, dlssolved oxygen were neasured
1n the fleld wlth a nultLple-probe Ilydrolab Model 9O0O Surveyor
II meter. Major lo.ns and nutrlents were analyzed at the BOR

water qualLty Laboratory ln Salt Lake Clty, Utah. InBtruments
utill.zed f or these analyses are gl1ren ln TabLe 3.1: Appendix 3.1
provldes a nonthly schedule of locations where dlscharge,
Hydrolab, naJor Lon, and riutitent','aamples !rere taken. Becauae
too rnany samples dtd ,not havg col.ncldent dtscharge and
conduct tvity or lonic concentratlon measurement s, values
appearlng Ln thts report are not flow-welghted.

3.2 RESULTS

Dl.s charge

Inetantaneous dtscharge of the Colorado River at Lee's Ferry
varLed between I,160 cfs and 56r600 cfs durlng the perlod Aprtl
l9 84-May 1986 (USGS , l{ater Reeources Data for Arlz ona,
provlslonaL data). Mean dally f lows ranged f ron 3 r487 cf.s to
51r570 cfs, and the meanr D€dlan, and mode of mean datly flows
were 26 r233 cf s, 24 ,g88 cf s and 25 rOOO cf s, reBpectl.vely. The
cumulatlve frequency hydrograph of mean dai ly flows for thls
perlod Ls roughly sl.gmoldal ln shape with a lower plateau
beglnnlng near 14 r000 cfs and an upper plateau at around 31 ,500
cfs (Flgure 3.1 ). A aecondary mode occurs at 42 TOOO cfs.

The cumulative frequency polygon of dal1y fLow coefflclent
of varl.atlon (CV-SD/i, half-hour lntervals) durlng the sane
perlod rLses precl.pltouely ln the range of 07. to 3z at whl.ch
polnt sltghtly more than 5OZ of the. obeervations have been
lncluded (.Ftgure 3.1 ) . Approxl.nately 80% of all observatl.ons 11e

3.
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Table 3. I . Instrumentatlon utl1lzed for water
analyses by Bureau of Reclamatlon
laboratory.

cheml s t rY
water qualltY

I{ater quallty component Instrumentatlon

MaJ or catl,ons
Na, K, Ca, Mg

llaJ or anLons
C1' SOA
Alkallnity

Nutrlents
SRPa, NH4r N0l-N02, S111ca
Nol
ToIa1 phosphatesb

AtomLc absorPt ion

Ion chromat ograPh
Potentlometrlc titratLon

Flow lnjection analYsls
Ion chromatograPh

Persulfate oxldatlon
Ammonlun molYbda tal
ascorblc acld
Narrow-band EPectroPhometer

a
b

Soluble reactlve phosphate
2 ml of tICl were added as
samples. Thls addltlon of
so1ublllzed some phosphate
comp onent .

preservatlve to all nutrlent
s t rong acid undoub t ed 1Y

, thus increaslng the SRP

-19-
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below a cv of l5Z, and the renalnlng 2oz of data polnts eubtend a

CV range frou 15f, to 100.52.

The temporal pattern of the mean and CV of dally dlecharge
at Lee-e Ferry rfas summarlzed by categorLzlng these variables
accordlng to rrbreaks tt ln thelr cutrlulat 1ve f requency
dlstrlbutlons. No a prlorl ecologicat etgnlflcance wa8 attached
to boundarlee of the clasges of elther mean or coefflctrent of
variatLon ln dally flow. The flow categorles were assigned
subJ ectlvely Ln order to allow a statls tlcal lllto""h
neasurlng 'the effects of prevlously undefined rrfluctuatlng

f Lowsil. Both meaaurea ltere dlvlded lnto low (t) t I'nternedlate
(I), and htgh (H) clasees a8 folLows: mean flow 1r487-14r000 "f:
(t); 14,001-31,500 cf e (I); 35r501-51,570 cf s (tI)i coef f Lcl'ent of
varlatlon O-3.02 (L);3:l-15.02 (r); 15.1-100'52 (g)'

Three claeses ln the 3x3 matrlx of coefflclent of

varlatlon/mean dally flow were poorly rePresented durlng the
perlod of the field study (TabIe 3.2). Graphlcal example" :t
helf-hour lnterval dlechargee for representatlvb days I'n the

reual.ning slx categorLes are glven ln Flgure 3.2. ', Of qB days to:
whlch nean dally f 1ow dld not exceed 14 

' 
000 cf s , onl'y '3 daye had

a CV lese than L57.. In contrast, durlng the 147 days when trean

datly flows exceeded 3lr5o0 cfs, only two daya had a cv greater
than I5Z.

Dally discharges at Lee's Ferry durlng Aprtl and l{ay 1984

were near 25r000 cfs, at whlch tLne they lncreased narkedly to
40r000-45rOO0 cfs for a two lnonth period. Wlth the exceptlon of

brlef perLods durlng Auguet 1984 and October 1984, flowe were

again near 25r000 cfs untll llarch 1985. Excludlng the October

f984 perlod, the CV of dal1y flows never exceeded 207" and most

days had values of LO?" or less (Figure 3.3)'

From l2 to 15 August, 1984, dlscharge at Lee's Ferry
l.ncreasedtoamaximumof56'600cfsduetoaBoRte8t
reconstructed dan splllway tunnel danaged durlng the 1983 flood
( Co111ns 1984). Durlng octobe r 19-22, 1984, 11"-"n"-tte 

f rom Glen

canyon Dan was dellberately dropped to near 5r000 cfs ln order to
produce a perlod of low flows for thls study. The cv of datly
f lowe lncreaeed to 6l fl Ln thts lnterva1, but thls lncrease t."t
attrlbutable to the lnltla1 drop and subsequent lncreege on the

firet and flnal days of the perlod. CV for the Lntervenlng tLme

dtd not exceed 1.17..
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Table 3.2. Frequency (days) of'oean and coefflclent of
variatlon of ially,dlecharge categoriee at Leers
Ferry uscs gaugtng etatlon on the colorado ltver
durLng the perlod-Apr11 I' 1984-May 30, 1986'
L=1ow; f-fniernedfaie;'Il-hlgh.

Coe ff,Lcient of varl'atlona

Me an

Dallv

F 1ow

L 2

269

115

1

192

30

9s

8l

H

l,=0-3%, I=3.1-15%,
L=3 r487-14r000 cfs,
[f=31r501-51r570 cfs

l,-10a.57"
,001-31r500 cfs,

H=15.
I= l.4
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March and Aprll 1985, were nonths dornlnated by lnternediate
flows with hlgh dairy varl,atl,on. During May and June I 985,
dlecharges lrere greater than 40 r000 cfs for most days and
varlatlon Ln flow decltned. July-September 1985, was a
transltlon perlod of decllnlng mean dLscharge and increaeLng
datly varlatlon Ln flows. The noBt sustalned perlod of hlghly
fluctuating flows experienced durlng the study occurred from
october I 985 to nld-January t 986, with cvs for noet days
exceedLng 2o7". Mean dally flows varled from c:t. 6,500 cfs to
l5 r 5oo cf s durlng thls tl.ne , .and the range f rorn nlnlmun to
maxlmum Lnstantaneous dtscharge often exceeded 20r000 cfs. I.ltd-
January to nl.d-March waa a perl.od of transition to lower
varlatlon ln Lnstantaneou6 dlscharge, whlle mean dai.ly flows
remalned Ln the range of 18r000-24r000 cfs. For the remalnder of
the fleld study perLodr D€8n flows increased to compensate for
hlgh lnflows to Lake powell and cvs were generally <loz.

Trlbutary dlscharge Eeasurements (Table 3.3) nere taken
somewhat sporadically, and .certaLn values aeem lnordinat ely hlgh
when conpared wtth prevLous records (uscs 1953, Johnson and
sanderson 1958, Il'untoon lg74). Llttle colorado Rlver
measurements were not made durLng this 6tudy, but base flow from
eprings ln the lower reach of, thls trlbutary le known to be about
223 cfs (Johnson and SanderBon 1968).

I{ater Clarity

Secchl dlsc readlngs were taken at varylng lntervals through
the study area on 10 fleld tr1pa. Tlro trlps, september 1984, and
July I 985 ' lllustrate the extremes of changes in water clarlty
through the 360 kn corrl.dor from Lee-e Ferry to Dl.anond Creek
( rrgure 3.4 ) . In September 1984, the Secchi dlec readlng
decreased from 300 cm below the parla Rlver to 6 cn at RM zio,
whereas ln July 1985, the decllne was fron 580 cm at Lee-e Ferry
to 75 cm at RM 212. MaJor contrlbutors to these decllnes were
the Parla and Llttle colorado rLvere, both of whlch carry large
anounta of Euspended sedlnenta even at noderate flowe (CoIe and
Kubly lg76, USGS 1982). Durlng the September trlp parla RLver
flowe near the nouth varied between 8 cfe and 69 cfe, while
Little colorado dLscharges at Cameron, Arlzona ranged from 4O-
2340 cf8. In contraBt, durlng the latter fteld trlp Parla Rlver
flows ltere only 2.9-8.3 cfs, and the Little CoLorado ranged fron
no flow to 26 cfs (usGs, tJater Reeources Data for AtLzona,
provlslonal data).
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The perl-od durl.ng the course ,. of an lavet age yeat ln whlch
water clarlty in the Colorado Rlver ls strongly affected by

suspended eedlnents has not beentd.i.irtned. There 1s, however,
evldence that thts perlod ls 

"*t"i$f 
bnougtr to have a strong

lnhibitory effect on prtmary productton by Phytoplankton and

benthlc a!gae. Durlng the cour3e :gf the present study, Secchl
disc readings decllned to less thao l0 cn below the LCR durlng 7

of 10 fteld trlps. If thls La reirresentatlve of the temporal
duratlon of turbld nater below :ihe t'.LCRr Prlmary producttvtty in
thle reach may well be reEtrl.cted:by:,,1Lolted light during much of
the year

l{ater Temperature .,,' -,

Watere dlscharged through Glen,Canyon Dan from Lake Powell
ar.e drawn from a maxl.mum depth of more than 60 m when the
reservoir 1s fulL. These deep ,' hypolLmnet l-c releases are
conslstently co1d, varyLng only b!tt.en 5oc and ,r"? at.Lee-g
Ferry, even though air temperatures'range from beLow freezlng to
near 4OoC. In the 385 kn etudy reach through Glen, Marble, and

Grand canyon6 r nBlnchannel Colorado Rlver water temperaturee do

not change dramattcally (Tab1e 3.4, Flgure 3.5). The maximum

increase measured durlng the present study, from 8.7oC to l5.3oCt
occurred Ln May L984. A sllght decllne of (1oC was tndtcated ln
Decenber 1984 and 1985.

Backwat"r-r"a"r--a"rp"ratureB $ere strongly related to flow
the degree of exchange with cold, malnchannel

waters, partlcularly ,durlng aummer months (Flgure 3.6). When

flowe decllned sufflclently . to, lsolate backwaterB from the
malnchannel, the diel range of' backwater temPerature Lncreased
dranatlcally. In some backwatere, €og' RM 194, flow reglme
apparently surpassed seaaonal changes in anblent alr tenperature
and a11ount of solar i.nsulatton aB 'the rnal or f actor controlltng
temperatur€8 o

Seaeonal temperature .varLatlon Ln most trlbutarles rtas

decldedly nore pronouneed than that of the maLnchannel Colorado
(Table 3.4. Ftgure 3.5). l'{axlmum summer temperatures often
exceeded those of the mainstrear by 10oC or more, and mLnlmum

wLnter temperatures were near freezLog. Obs e rve d Be as ona I
varlatlon was most pronounced ln the Paria RLver and Nankoweap
Creek, both of whlch have low nodal flows and are hlghly expoeed
to eolar lnsulatlon ln their lower reaches. TrlbutarLee
exhlblting ltttle seasonal varlatlon, such as the LCR' Ilavasu
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Table 3.4. Mean, standard devlatton, and coefficlent of varlatlon of
temperature, dLesolved oxygen, pH and conducttvlty eampled ln
Colorado Rlver oal.netem and trlbutarles, 1984-86.

Locatton llean SD cv

Dtspolved 9:qlgen (El/t)

n Mean SD CV

Reach
Reach
Reach
Reach
Reach

Parla
Nankoweap Ck.
L. Colorado R.
Clear Ck.
Brlght Angel Ck.
Crystal Ck.
Shlnuno Ck.
Tapeats Ck.
Deer Ck.
Kanab Ck.
Havasu Ck.

Reach l0
Reach 20
Reach 30
Reach 40
Reach 50

Paria R.
Nankoweap Ck.
L. Colorado R.
Clear Ck.
Brlght Angel Ck.
Crystal Ck.
Shinumo Ck.
Tapeats Ck.
Deer Ck.
Kanab Ck.
Ilavasu Ck.

Mean MLn llax

Conductiv!

l,lean SD cv

10
20
30
40
50

R.

14
46
T7

4l
31

L2
10
T2

7

11

L2
T2

13
11

13
L2

9.7
9.8

10. 6
11.1
l1 .5

16.6
15.9
18. 0
18. 3
15.3
18. 5
15.4
13.0
14 .6
L6.4
18.2

pI{

1.4
1.5
L.7
1.5
2.L

8.8
9.4
5.2
718
6.5
7.5
6.1
2.L
1.9
6.0
4.2

L4
15
16
r4
18

53
59
29
43
42
40
40
15
13
43
23

l3
45
19

44
29

L2
10
L2

7

11

T2
T2
13
11

L2
L2

9.2
10. 5

10.8
11.2
LL.2

8.8
9.4
8.6
9i5
9.8
9.2
9.7

10.4
9.9
9.2
9.2

L.2
1.1
0.8
1.1
1.1

1.9
1.9
L.2
2 i'l
1.4
1.9
1.4
0.9
1.1
L.2
1.0

L2
10

7

10
10

22
20
14
22
14
2L
L4

9
11

13
11

L4

32
L4

34
16

8.07 7.50
8. 12 7 .70
9.05 7.79
8.11 7.72
9.20 7 .84

7 .54 6.80
8.31 7.70
7 .95 7 .49
8.52 8.43
8. 3g 7 .97
8. 46 g. 10
8. 37 7 .97
8.38 7 .97
8. 40 7 .94
8.37 8.20
9.47 8.30

8. 30
8.67
g. 35
8. 57
8. 61

8.57
8.92
8.47
8. 68
8.94
9.04
9.02
g. 98
9.02
8. 80
8. 70

L4
45
19
43
28

11

10
L2

7

10
L2
L2

13
11

13
L2

709
701
751
740
744

TT77
596

3898
370
303

1015
297
304
351

1327
704

69
69
74
86

,69

333
59

906
65
51

322
78
34
37

2A7
27

10
10
10
L2

9

28
10
23
18
T7

32
26
11

11
16

4

10
8

10
6

10
10
10
11

I
9
I
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creek , and Tape a t s cre ek are fed by
malntaln greater uodal flows r and they
nuch of thelr length by narrow, deeply

Speciflc Conductance '

constderably rrtth dLscharg€r
mainstreBrDo

najor spring sYstems that
are well Protected through
ent renched canyorls r

but remalned lower than the

Malnstream conducttvtty levels ,were generally lowest ln
Reach l0 and lncreased to htghest ,values Ln Reach 30 below the
Ltttle Colorado Rlver (Table 3.4). The effect of htgh
conducttvlty LCR waters waa largely amellorated Ln lower Reach 30
and Reach 40 by more dllute lnputs from Clear, Brlght Angel,
Shinumo, Tapeats, and Deer creeks.

Unweighted mean conductlvlty of LCR water (3,898 uS)
surpassed that of the maLnst rean Colorado by more than flve
tLmes, largely due to the effects of the eallne Blue Sprlng
s'erles ln the lower 22 km of the trlbutaty. Parla Rlver, Crystal
Creek, and Kanab Creek conductlvitlea also exceeded those of the
rnainstream durlng perlods of Low flow, but durLng perLods of htgh
flow these st reams had conductlvlt les near or below Colorado
RLver lrater. Conducttvlty of Nankoweap Creek aleo varled

Dl.ssoLved OxygAn

Mean dleeolved oxygen concentrations ln the Colorado Rlver
varled betwee4 10.5 '.glLlter and !1.2 [lg,lLlter (tab1e 3.4).
There waa llttle spatl.al or temporal varlatl.on ln the
concentratlon of thls dlesolved gas. TrLbutary dlssolved oxygen
concentrations were generalLy lower and seaaonalLy more varl.able
than those ln the mal,nstresrlr !lean values ranged f rom 8.6
nglLLter to 10.4 nglLlter.' Both lower means and greater seasonal
varlatlon. ln trlbutarl.es may be attrLbutable largely to the
effects'of temperature on the capaclty of water to hold dlssolved
oxygen. Correlatlon coefftclents for nean tenperature wlth mean
dlssolved oxygen (r = -0.78, P <.Ol) and standard devlatlon of
mean tenperature wlth Btandard devlatlon of dlssolved oxygen (r -
0.88 , P

trlbutaries.
.01 ) were hlghly elgntficant ln the ueasured

Percent saturatlon values of dlssolved oxygen were not
calculated on a con6lstent basls durlng this study. Occaslonal
checks of extreme values, however, suggested that theee levels
ranged from 722 to l05Z saturatl.on, and no evldence of oxygen
depletlon or severe overBaturatlon tras lndtcated.
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Maj or Ions

Mean lonlc proportLong (neq Z) ln Colorado nt.ra. water above

'.:-sFerryoccurred1nthe-order:cat1ons--Ca>and; anlone--so4 > Hco3 > cl (Flgure 3.7). , Dovngtream changee Ln
these proPortlons were mlnor ln all sanplee analyzed durlng the
Pre8ent study', although a noticeable lncrease occurr"d trr n" and
C1i'..:.j.....'.:,.

Trlbutarles to the Colorado Rlver Ln Grand Canyon are
dl.veree ln lonic composltlon (Ftguree 3.8 and 3.9). Brlght Angel
Creek, Shlnuno Creek, Tapeats Creek, and Deer Creek contaln
calcium-magnesl.um bl.carbonate watera wtth very 1ow quantltl.es of
sodluu, chlorlde,-'and 

"rifate, and nay be it"""tft"a "" dllute
dolonltlc trLbutarles (fubly and Cole 1979). Theee trlbutarles,
and at leas t f our others i r':lrlse as sprlnge ls eulng f ron the
karstic groundwater syster of the Katbab Plateau north and west
of the Colorado Rlver. Eavasu Creek and Nankoweap Creek are
lmpure dolonltlc naters'" ...-dlh hlgher dleeolved .so11ds and greater
aoounts of sulf ate, ,, eodf qn, . and chlorlde than the previous
grouP. The former atreaD ar-lges fron south of the malnstream ag
a serles of Beeps and eprlnge flowlng out of the Supal formatLon,
whereas the 1atter.f,lowc.-.'..fron the Kalbab plateau eaet to the
Colorado Rlver.

Kanab Creek and trri,i, '"',',:*r"". are eulfate warers slutlar
Ln lonic compoBltlion :to the Colorado Rlver, but they exceed ttre
maLnstream Colorado ln total dleeolved eollds durlng nodal
flows. Both have conslderably larger dralnage Bysteme than other
trl.butarles north of the malnstream and derlve thelr htgh eulfate
content f ronr.-,gypelf €tous' sedl.ments that couprlee large portlons
of thelr watersheda.

The Llttle Colorido Rlver arleee ln the,I{hlte }lountalns of
eastern Arlzortar It ls an tnternlttent to ephemeral stream
throggh nuch .of-r, lts,"lower reaches, but becomes p'erennlal aome 20
kn above the uouth due to 1nf1ow fron the gf,r" Sprlng eerlee
(Johnson and Sandefson 1968). 0utflow from Blue Sprlngs, about
223, ,cf s, 1s the uaJ or contrlbutor to rnodal f Low of, the Llttle
Colorado ln this reach. The ls suance from the sprlngs ls a

saltne sodlun-chlorlde water, whlch also contalne algnlflcant
amount I of ca I clum and ca rbonat e . Except , when the Llt t le
Colorado ls ln ftrood, nuch of the calclum carbonate from Bl.ue
Spnlng precl.pltatea, leavlng the rlver at lte uouth even more
enrlched ln eodlun and chlorlde (fuUty and Cole 1979).
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BRIGHT ANGIL CK.

No + K 2.47

SHINUMO CK.

2.52

AIK {E,JT

TAPEATS CK.

+ K 1.57,

29.67

Mg 23.22

cf 1.974

Mg 24.371

cr 1.2%

Atk 46.77.

DITR CK.

No + K 1.371

23.77

sa| 2.2%

cf 1.17

No

sq 2rz

sq lil

24% Mg 21
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I'lajor ion composttion (meq y,) in dilute
dolomJ.tic tributaries of the Colorado
River. Na and K combtned (K always less
than L"A).

Atk 46n

Figure 3.8
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cl 1.6r

Ark 34.5U

Mg 16.92

cf 2,17

Afk 8.17,

NANKOWEAP CK.

Ms 6.22

PARIA RIVIR

No + K 17.82

K 6.3U
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sq 13.s2
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Co 11 .1n

sq 5.87,

22.67.

15.57(
Mg 19.72
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sq 3e.62 s%

I*{ajor ion composition of irnpure dolomitic
(Nankoweap and Havasu), sulf ate (Pari-a and
Kanab), and sall,ne sodium chloride (Lf ttle
Colorado River) trlbutaries af the Colorado
River. Na and K combined (K alwayF less
than L-57,).

Atk 34.77.

cr 38.12

Figure 3.9
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Macronut r lent s

Arnuronla c.oncentratlons 1n the colorado Rlver and lts
tributaries trere generally less than 50 uglLlter and were lower
than the leve1 of detectl.on (S uglnter) ln nany samples (table
3.5). Only Reach 50 ln the rnalnstrea6 had a nean ammonla
concentratl.on lowdr than that of any tributa.rieB. M9"t dissolved
lnorganlc nitrogen lraa present ln all streams as nltrate and
nitrLte (not separated 1n analysls ). Mean maLns t ream
concentratlons varied between 315 uS/Liter and 350 ug/11ter wl.th
no apparent downstream trend (Table 3.5). TrlbutarLes exhlblted
a nuch wlder range Ln ilean concentratlons (13-759 ug/tfter), but
were generally lower than malnstream sanples. Nankoweap Creek
and Bright Angel Creek lrere decidedl-y low ln nLtrate-nltrite when
compared with all other streams, whereas the Parla Rl.ver held a

mean concentratlon more than two tlnes that of the nainstreaD.

Exact comparlsons of soluble reactlve and total phosphate
concentratlons, or of eoluble reactlve phosphate and nltrogen
compound concentratLons, could not be made 1n thle report,
because a snall amount of concentrated HCI waa added to all
nutrl.ent samples ( See Table 3. I ) . For thls reason, alL soluble
reactlve phosphate sanples nay well contaLn Bome phosphate whlch
waa solublltzed by the added acld. A11 results and discusslon of
phosphate levels should be considered wlth respect to the effect
of this source of error.

There was a downstream Lncrease ln soluble reactl.ve and
total phosphate 1n Colorado River' sanples durlng thls etudy
(fable 3.5). Llttle change lraa evldent between Reach 1O and
Reach 20, even though the Parla Rlver provlded the higheat
trLbutary concentrations of ,phosphates to the maLnstream. The
only other nal or tributary to enter the Colorado Rlver above
Reach 30, the Llttle Colorado River, had a mean phosphate
concentratl.on approxinately one-thlrd that of the Parla Rlver,
but the former streaD typlcally discharges l0 tlnes.ae nuch water
annually to the malnetream (USGS 1982). A11 renalnlng
trlbutarles had mean concentratlons of solubLe reactlve and total
phosphatee that rilere lower than those of mal.netream reaches
recelvlng thelr lnflows.

The ratlo of total/soluble reactive phosphate Ln reaches l0
and 20 and ln all trlbutarles except the Parla and Ltttle
Colorado rlvers nag lees than 2zl. In reaches 30-50 this ratLo
was )2zl and ln the two trlbutarles 1t was )I0:1. Hlgh
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Table 3.5. Amonla (NH3-N), nlrrate-nitrtre (No3-No2-il), soluble reactlve
"'phoaphate (5np-p), and toral phosphaEe c6ncentratlons (TP-P) by

Colorado Rlver reach and selected trlbutarlee ln Glen and Grand
canyons during 1984-86. Conceotfatlond ae N and P ln ug/L.
Amoola'and SRP sanples below the :level of detectlon ((5 kglL)
were glven valuee of 2 uglL for'atatLatlcal calculationg.

Reach

NII3-N NO3-N02-H

Mean SE ltln lla:r llean SE Mtn Max

10
20
30
4A
50

11
2L
22
32
42
43
44
45
46

Reach

I
28
11

23
15

4

6
7

7

I
I
I
7

7

10. 0
10. 6
14.5
10. 6

7 .L

7.2
6.3
8.6
2.6

4.2
3.4
416
3.7

5.5
4.4
4.5
3.6
2.L

3.1
3.2
6.1
0.6

1.4
a.7
2.0
0.9

SRP.P

45
124
r5l
,,68

29

'14
,22
4s

6

318. 4
337 .9
348.9
315.6
350. I

759.0
13.0

206 .4
16.0

91 .5
130. 7
267 .6
148.8

<s
<5
<s
<s
<5

<5
<s
<5
<5
<s
<5
<s
<s
<s

I
28
1l
23
15

38. 3
15. 5
L7 .2
22,0
18.6

36.9
9.2

14.0
6.0

7.9
2L.7
85.4
29.6

TP-P

147 419
38 445

2L5 420
10s 495
223 427

6s7 830
<5 s9

145 253
<5 38
42
73 123
<5 225
8 654

<5 2s2

4
6
I
7

I
I
I
7

7

13
7

16
I

Mean . SE !Itn n l{ean SE llln ltax

10
2A
30
40
50

tl
2L
22
32
42
43
44
45
46

I
28
1l
23
r5

4
6
I
7

I
I
I
7

7

11.0 0.7
11.8 0.6

, 59.8 {+3.8
101.6 51.9
171.5 70.8

89.5 56.4
7 .2 0.8

34.2 1l .0
36.3 7.8

55.1 5.1
35.4 7 .g
]$.J;' 7.6
2L.7 2.5

I
5
6

<s
I

l4
19

497
1030
'r 020

257
10
94

1030

79
72
63
29

I 15.9
28 15.9
10 L79.2
23 293.6
15 290.9

4 1007 .5
6 9.5
I 350.0
7 4g.g
I
7 6l.g
7 42.7
7 27.L
7 25.3

1.9
1.1

109.2
103.6
101.9

759.L
0.2

L75.4
1l.l

9.1
10. 9
8.8
3.4

,9 24
932
9 962
9 1s60

20 1430

50 3270
910
9 1360

L7 85
65
37 '96

985
11 7L
938

11
5
I

<s
42
35

7

5
9

-38-



total/solubLe reactlve phosphate rattoe ln the Parla and Llttle
Colorado rlvers are undoubtedly aseociated wlth the hlgh degree
of turbldtty these streams exhlbtt during perlods of runoff fron
thelr regpectlve raierahede. Turbldity is engendered largely
from cl.ay partlcles that are known to be inportant aourcea of
phosphorus ln the Colorado Rlver (I{atts and Lamarra 1983) and ln
many other aquatlc systens (Stunrn and Morgan l98l)

Mean molar N/P ratlos ln the mainstream Colorado nere nearly
equal in reaches 10 and 20, but decllned downstream Largely due
to lncreasl.ng phosphorus concentratlons (Flgure 3. l0). Reaches
l0 and 20 had mean N/P ratlos greater than 15, suggestlng that
the Glen Canyon tallwater may be phosphorus llntted tf nutrlentg
become llntttng t6 prinary producrlon (ui1ler er aL. 1978).
Phoephorus le known to ltnlt prluary productlvtty ln both the
Colorado Rlver above Lake Powell (Watts and Lamarra 1983) and 1n
the reservotr (Cfoss et a1. 1980a). Parla Rlver and Kanab Creek
were the only trl.butaries wlth N/P ratLos >15.

S111ca concentratLons ln the Colorado Rlver varled 11tt1e
durlng the eourse of thls study (tab1e 3.6 ) . l'lean va l ue s
dlffered by only sllght1y more than I ng/tLter among the five
reaches. Trlbutarles were evenly dtvlded between those wl.th
hlgher and lower means than the grand mean for the malnstream
(8.9 ng/ttter).' The moat qoncentrated wbter, that of Havaeu
Creek, had a mean s1llca concentratl.on tno tlnes thet of
mainstrean reaches. There nas no evldence for seaaonal depletion
of s111ca 1n elther the Colorado Rlver or lts trLbutsrl.es.

3.3. DTSCUSSTON

The effect of Glen Canyon Dan on downstream water qualtty
and the blota of the Colorado Rlver varl.es dependlng on the
parame'ter ' of lnterest, the perlod ' of tlne lnvolved, and the
organlens affected by the outflow. , t{ater temperatures, lonlc
concentrations and proportions, sedlment loads, nater clarlty and
BeaBonal dlfferences ln dlscharge all exhlblt lees varlatlon ln
these deep hypollnnton release lraters than ln free flowlng lraters
of the predan perlod (USGS lg22 et seq., USGS l94l et 6eq., Kubly
and Cole I979, Paulson and Baker 1983). Dally discharge
varlatlon, howeverr lg constderably greater under dan regulated
releasee and cauaea dlurnal stage fluctuatlons of much greater
uagnl.tude than those of the predan era (Dolan et al. L974, Turner
and Karptecak 1980).
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Table 3. 6. Sf llca concentratLons by Colorado Rl,ver
reach and eelected trlbutarl,ee durlng
1984-86. Mean concentratlons as u€,lL.

Reach N llean SE I'ILn Max

10
20
30
40
50

11
2L
22
32
42
43
44
45
46

9
19

6
1t

7

8'9
9.1
9.2
8.1
9.1

)

10. 7

8.4
L5.2
6.3

6.9
8.0
9.2'

18. 2

0. 21
0.13
0. 16
0. 54
4.22

0. 45
a.29
0.84
0. 25

0. 15
0.22
0.45
0. 12

8.2
8.0
8.5
7.7
8.4

9.6
7.5

10.6
5.3
5.6
6.3
7.0
7.6

l7 .8

10.0
10.0
9.6

10.1
10. I

11.3
9.3

16. 5
7.0

7.3
8.4

10.6
18. 4

3
5
5
5
I
5
5
5
4
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conblned trlbutary !.nputs to the Colorado Rlver between Lake
Powell and Lake Mead conprlse <sz of the inflow to the latter
re6ervoLr in everage flow years (Thonas et al. 1963 ) ; thus,
malnscream naJor lon chenlstry through Glen and Grand canyons ls
related closely to that of waters leeulng fron the dan (see
Reynolds and Johnson Lg74, Kubly and cole lgTg). t{hen halnstream
flow declLnes to c8 o 5, oo0 cfs or leee durlng perrods of low
regulated dlscharges, however, highly sallne Blue sprlng waters
from the Llttle Colorado Rlver esBume .lncreaslng lnportance in.
deternlnLng the total dlssolved solrds (ros) and maJ or ion
composltlon of downstream Colorado Rlver weters ( Cole and KubLy
1977 

' 
.

Lake Powel1 1s known to act aa an efftclent sedLment trap
and phosphorus slnk (C1oes et al.1980b, Evans and paulson l9g3)
removlng much of the nutrLent load of lts outflow watera to the
Colorado Rl'ver 1n Glen and Grand canyons. Another conaequence of
the removal of .euspended sedlnents, ior"rr"., r.s greatry r.ncreaeed
water clarLty and ltght penetratlon downstream of the
reservoir. AB a result, the Glen canyon taLlwater is, from all
apPearance6r an autotrophtc reach that exports lar.ge amounta ofpartlculate organlc matter to lower reaches ln the forn of
CladoPhora and benthLc lnvertebrates. rn additlon, the reaervolr
apparently aerves as the nal or aource of downstream plankton
(Haury 1986), whtch provldes a food source to hlgher troptrc
levels.

The Llttle Colorado Rlver Le the only appreclable source of
suspended sedtnent to the malnetream coror.io ln Grand Canyon,
arthough the parla Rlver and Kanab creek produce occasi;";i
fLoods carrying large anounts of euspended ratter (CoIe and Kubly
1976)' Since total phoephate concentratl.ons are cloeely related
to the amount of suspended sedl.nent Ln the colorado nrver (;i;;;
et a1.1980b, Evans and pauleon r9g3, }Jatts and Lauarra l9g3) and
suspended sedlnent content is lnveraely related to itrnipenetratlon ( cole and Kubly 1976, preaent study), the Llttlecolorado probably has a naJor effect on the trophLc nature of themaLnstrean. Elevated phosphate levels lncrease the potentlaL forhlgher prlnary productlvlty l.n a rrver potentlally lr.nlted bythls .nutrlent r but dlnlnlshed 1lght levele may well overr{de thlspotential and nove the syBten toward heterotrophy and a detrltus
food base. The outcome 1s further conplicatei by the fact thatthle trl'butary 1s for perl0ds of tlne a clear atream carrylngwater much htgher Ln sallnity than that of the uaLnstrean.
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4. I{AINCHANNEL DISTRIBUTION, HABITAT UTILIZATION AUD BACKWATER

EXAUINATION

METTIODS4.1

Durlng the course of the study fish were captured by several
methods to sanple llfestagee of the flshee ln a varlety of
dtfferent naLnchannel habitats (Table 4'I)' rndlvldualE were

classlfted by ltfeetage accordlng to length:

A11 trout less than 75nn - Y-o-Y
Hunpback chub - Lees than 50nn - y-o-y
4L1 other natlve flshes leee than 25un - y-o-y

Electroflshtng
A 7.O m alumlnum fremed pontoon raft powere{ by a 30

horsepower outboard motor ltas speclally des lgned for
electrof lshLng. The raf t 1taa equlpped wlth a lLvewe11, a ,Ilonda
4500 watt 24OV AC generator, coffelt vvP-1 5 ' a puleator
(vector$ax) nade and deslgned by Norm sharber, two 30.5 cD

stalnless eteel spherlcal electrodee ' spotllghte, and ehocklng
11ghts. Each pulsator was set at 260 vo1te, 60 pulses/second'
and a pulee wldth of 252.

Dur*ng each electroflshlng 8ea8lon, effort and catch data

were recorded. Catch data lncluded speclee captured I 
-1f 

f e "t19".t
and habltat characterlstlcs of area sanpled electrofiehing' Ftsh

less than or equaL to 200 mm were claeelfled aE adulte and those

>200 m as adults. Thls sras done to determine tf smaller
indlvlduals eelect dlfferent habltats than larger adulte '
Habltat characterietlcs were divtded lnto habltat type (run,
eddy, backwater, and el.dechannel ) , shorellne substrate ( c1lff t

boulder, rubble, gravel, and eand), and presence or abeence of
vegetatlon. El-ectroflshlng sessl.ons lasted approxinately one

hour or untll about l0O flsh ttere collected' Flsh were often
transported over a nlle fron thelr orlglnal capture slte to a

pro"""alng area. Thls may have caused movement a8 a result of
releaelng large numbers of flsh ln a enaLl area.

Trammel nets

Trammel nets ltere used at
trtbutary sl.tes throughout the

malnchannel- sltes durtng 1984 and

study. Trammel nets Iilere 30.5 m x

ii" ,

rfi;::1
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Table 4. l. Sanpllng methods uged to ln 'the malnchannel ,

' , : 
:' 

: 'ril tll

: : - :,capture'', flaheg
' 

ll'; t'

:: li:" . 't 
"l 

I

SpecLes Llfe Stage Slze (m)
Electro-
ftrhlng

Larval
$elne SeLne TrameL

Ralnbow trout

.1.

Brook trout

Brown trout

COrnmOn carp

Fathead
ml.nnow

Bluehead
sucker

Flannelmouth
sucker

Hunpback chub

Speckled dace

Y-O-Y
Subadult

Adult

Y-O-Y
Subadult

Adult

Y-O-Y
Subadult

Adult

Y-0-Y
Subadul t

AduLt

Y-O-Y

:i

Y-O-Y
Subadult

AduLt

Y-O-Y
Subadult

AduLt
.1

Y-0-Y
Subadult

Adult

Y-O-Y
" Adult

,<75

>75-1gg
>200

i,

<75
>75-1gg

>200
',1',1 l'

<7s
>75-l gg

>200

<7s
7 5-r 99
>200

<25
>2s

<50
50-1 99
Xso

(50
50-r 99

>200

<50
'50-199

>200

<2s
>2s

x
',,x

x
x

x
x

x
x

x

x

x
x
x

x

x

x

x

x
x
x

x
x

x

,,X
11

x
x

x

x

x
x
x

x
x
x

x

x
x
x

x
x

x
x

x
x

\

-l+4-



2.4 m, 7.6 m x 2.4 m, and 7.6 m x 2.4 n with a 2.5 cm or 5.1 cm

lnner mesh and a 25.4 cm outer mesh. Effort waa recorded by net
nlghts. One net nlght - 30.5 m x 2.4 m trammel net set for 12

hours. Trannel net6 were Bet ln late afternoon and pulled durlng
early mornlng. Flsh:were'placed Ln 18.9 1 buckets and brought to
a processlng statl.on where they were Lnmedlately exanLned. Flsh
lrere reLeased at least 90 D fron the net to prevent lmnedlate
recapture.

Selnlng

Backwaters and trlbutarLes were sarnpled by eeLning. The
dlnensl.ons of the bag selne- used were 7.6 u x 1.8 m wlth a 2.4 m

bag. Mesh elze lras 5.3 mm on the wlngs and 3.2 mm ln the bag.
Snaller areaa were surveyed wlth a 1.2 m x 0.9 n wtrth 3.2 mm mesh
eel.ne. Effort waa recorded ln square meters of area sanpled by
habltat type (connected or lsolated backwater). Collected fieh
were exaalned and docunented after each selne haul.

)

Larval Selnlng

Larval gel.nes and dlp nete were used to sanple ehallow areas
Ln the malnchannel. Larval setneg were 10.0 m x l.O u wlth 0.8
mm mesh. Two types of dlp nete were used. tarval dip nets were
30.5 cD wlde and had a 0.8 nD mesh. Standard d1p nets were 45.7
cm wtde and had .3.2 mm meeh. Effort waB meaeured by square
metera of area aanpled by , habltat type. t{ater temperaturet
depth., velocity, substrate type, and presence of cover were
recorded when flsh were captured.

Flsh examlnatlon

Fleh collected by electroftshtng and trammel netttng were
anesthettzed wLth trlcalne nethane sulfonate (MS-2221, ldentlfted
to specles, mea6ured to the nearest nllllmeter (total length) and

welghed to'the nearest. gram wlth an Ohaus C-3000 Port-O-Gran
elect ronlc baldrc€ r Flsh were classLfied by sex and maturlty
when expresslble gametea were present. Each flsh was glven a fln
cLip deslgnatlng the reach of capture. Fish larger than 250 mm

ln total length lrere aleo tagged wlth a FD68B floy tag. Each tag
had a unlque 6 dtglt nunber and was attached to the left elde of
the flsh below the doreal fln wlth a Dennleon l{ark II tagglng
gun. Electroflshlng and hooking lnJuries, PreBence of
tubercules, floy ta8, and ftn c11p recaPtures were docunented.

i

{

It
tlt

1

rl

,:

il;'
: ; , ':u

, r.t;1 i
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The River Mlle of the releaee elte taa recorded and flsh were

then releaaed.. When po8s1ble, 2O relnbow trout stomach and head

samples were collected frou .each{.rF4qh .durlng a rl'ver trlp.
!to-rnach t.,aanples ,rt_ele. .,preqeryed . .tf;jgl. 'f-ornaltn f or 8ut, content
analyslg.,,, Ilead , sgmptr es ..wlth the - .f,{r:t, f ew vertebrae. attached
were preserVed. ln etliyl -.glcohof Ictf .tiif,racyCtr'lrte dye analysls
( See .TabLe ,7-6 ,f ot stock{ng re corde..of f,arked,.,f I'sh) .

':
Larval ftsh collected by .dlp nettlng and selnl'ng nere

examined lnnedlately after capture. These ftsh lrere Ldenttfied
to specles and meaEu,red to the nearest mllll.neter (total length),
and preserved ln 3-57t Larval natlve fish were

tentatl.vel'y identtf 1ed 1a'the f teld- (Snyder 1981) r' ,and subsamples
were 6ent to the :tarval Fteh L4boratory at GoloradO State
Unlve rs it y for
handled ,aB des cribed ear1ler.

Juventle and adult flsh 'gere

Da'ta were analyzed ual.ng Stai'tst tcal Package f or the SocLal
Sclences (SPSS x 1983). A Shannon;t{eaver d f ve rs I tY tndex
(Shannon and Weaver 1963) sae criop'ugs6 for fish specl'es by river
reach. Data were categoil zed by,gionth, 8ea8on' or year dependlng
on sampllng frequencyl,,'and 1*aftaF{.on1.. .Montha ltere grouped lnto
the f ollowlng: ,.,Sprl.u..!1r{Mar.U,h-l{ay)-;, 56mmer , (Juoe-August ) , Autunn
( September-November) and l{Lnter . (Decenber-February) . Thls
seasonal categorLzatlon attenpted to group ltfe stages and
proceases of f,lshqs ,.into 'a slngle F€88otlr Ef f ort data for the
naJor e.ampll.ng techniqueg;i-are Presented 1n Appendix 4.I.

,:.) ' .. .:,,',.,.1, i
Vldeo Habitat Analyals i

Itabitat and shorgllne tategorles were classtfled.ft.ot vldeo
tapee ehot from a helleoptler approxLnately 30 m above the water
gurf ace. Vldeoe . wet€ , taken , du.rLpg, Eunmer 4nd, .Futunn 1985 at
dlscha.rge of '4,-800 'cte ', .and 28 r000 ' cf e.- Theee rePreBent a low
flow and a flow near the aode for the entlre study. For further
lnformatlon on speelfrl.c uethoderr.see,,Anderaon et a1. (1986). The
analysle of tlre vl.deo tapeB were ln two phaee s. Ftrst, the
claeglf lcatlon . of ,the , babltat '(eddyr ,:,run, b'ackwater, . and- slde
channel) and ehorellne (c1tff' boulder, rubbl-e, and eand)
vari.ablles. For the shorellnE enalysi.s, , gravel . and rubble ltere
eonblned,becauge,of re.solutton at,'30 ro The eecond analysls
conslsted of total counte ., by reach and flow of habltate
consldered lmportant and unlque for varloue phases of a flehee
11fe htstory. Reachee 30 and 40.were further dlvlded to,ehow
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habltat dtfferenceg
comprises the lower

wlthtn a deslgnated
ha lf of Reach 30 and

reach. Hard rock gorge
upper half of Reach 40.

4.2 RESUTTS

A toteL of 35 r 500 , f lshes waa captured 1: r€p.r€sentl.ng 20
specl.es (Table 4.2). Of these specLee, flve were natlve and l5
trere lnt roduced . 'l : : .," i '

SpecLes dLverstty ln the
lowest ln reaches l0 and
Greater dlverstty rnas found
( o. 63 ) .

mainchanne 1 was low.
20, 0.30 and 0.20,
ln Reach 30 (0.77)

Dlve rs lt y was

resP.ectlvely.
and Reach 50

Introduced flshes wer,e, ilore ebundant than natlne ' fleheer ln
mainchannel colleetlons of'Cdults and subadultB."- .Percentage of
lntroduced f Lshee captured by I'electrof lshlng ranged f rom 81.52 Ln

Reach 50 to 97 .7 Z 1n Reach 40 ( Flgure 4. I ). RaLnbow trout wag'
the most,abundant ftsh epecle.s,"collected by electroflehlng ln all
reaches, although carp CPUEfrraB' near that of ralnbow trout in
Reach 50. "'.": '""

Native flshee were U"tt3r represented ln larval eerl.ne, CPUE

data, dlthough lntroduCed''. specles reoalned donlnant throughout
the flve reaches. Introduced flshes represented between 53.12
(Reach aO) and 97.gZ (Reach ZO) of the catch ln (Flgure 4.2).
Ralnbow trout and fathead' 'ulnnow were the most abundant
lntroduced flshee. Speckled dace was the most abundant natlve
specles. 

)

In backwater aelnlng, lntroduced ftsh were not always the
moBt ebundant. ,Na-tlve f lshes represented 89.77 of the catch Ln
Reach 20 and 53.52 ln Reach 30 (Flgure 4.3) In reachee 40 and 50,
lntroduced flsh, doulnated by fathead ml.nnow, were moBt abundant.

Natlve flshee were domlnant ln three of the four reachee
where flsh were captured by tramoel nettlng. Flannelnouth sucker
lras the predomlnant natlve fteh, whl1e ralnbow trout was the
domlnant lntroduced epecles.

DI STRIBUTION

Introduced SPecLes

Ralnbow trout catch
e 1e ct ro f t shtng ln Reach I 0

per unLt effort (2t0.3/tOO ntn) by

ltas almost twlce that of other reaches
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Table 4.2. Sclenttftc
Aprll 1984
Canyon Dam

and comnon
- June I 985
and Dlamond

nauba of ftsh
ln 'Colorado
Creek.

.i' 
,,.: _ i :

,captured between
RLver between Glen

Sctenttfic Name Common ,l{ame AbbrevLat Lon

sglqo clerkt

Salmonl dae

Sglmo gaLrdner.i
Salmo trutta

m-ra-E

Salveli.nus fontinalls

Cyprl.nLdae

Cvprinus carplo
G11e atJgrla
Gr la gJpha
No gsg|f o.qps c rvs o leycas
PiqepLaLes promelas
Rhlnlcllhrg @'

Catostomldae

Catoetomus dtscobolus
gatos Lgngs laElpl+qrs

Cutthroat trout
Ralnbow trout
Brown trout 'l.

Brook t rout

'Counon,r.c'afP ,

lu t ah .,chub
Humpback'chub
Golden shiner
Fathead nlnnow
$peekled dace,. , . ' , -o , ,

rt :

tlt, ' l

Bluehead Bucker
flannelmouth sucker
Ra zotback suck,er

Black but thead
Yellow bullhead
Channel catfish

Plalng k1111f l sh

Strtped bas s

Green Bunf I sh
Largemouth bas s

CTT
RBT
BRT
BKT

CRP
UTC
HBC

GS

FHU
SD

BHS
rMs
RBS

BBH
YBH
ccF

RGK

STB

GSF
LI.IB

Xvraucheg texanus

Ictalurldae

Ictalurus melas
Ictalurus natalls
Ictalurus punctatus

Cyprlnodontidae

Fundulus zebr inue

Perclchthyldae

Morone saxatllts

Centrarchtdae

I;*pg+lg cyanp Ll-us
l{l c ro pje ruS s g lpq l.d e s

-48-



RBT 81 .4

RBT

RBT 84.97,

ots 6.72

FMS 4.97:

oNs 3.5%

RIACH I O

l(t ACrt 40

RIACH 20

H8C 4.52

oNs 37.

ots f,3.f,z

R&ACH JO

Species composition
effort durlng April
species are identif

oNs 4J2

| 4.47.

RFACH 50

byreachfromelectrofishing
Lg84 to May 1986. Native

ied bY raised Port'io11 s'

ONS l ZZ
FM5 t.tz

24.54

ONS ,12

RBT 59.27

RBT 42.47.

Figure 4,L
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RgT

RBT 97.2i

sD 2.97

RFACH I O REACH 20

sD 19.5r

28.1%

RTACH 30

33.42

1.2%

19.72 oNs 6.E7

REACH 40 RFACH 50

Flgure 4.2. Specles eompoettlon by reach from larvaL
seining effort durlng Aprll 1984 to May 1986
Native specles are ldenttfled by raleed'
portions
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sD 2A,57

REACH 50

RBT 10.32

1247

REACH 20 RE{CH 50

FHM 59.4r

ols'2.9tr

oNs | 3.9tr 2tn

oNs 7,9i

RF^CH 40

Speclea composltton by reach from seLnl'ag'effort
durlng Apr11 1984 to Mey 1986. Native specles
are ldentlf ted by ra{Eed portl.otrs,

Ftgure 4 .3 .
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(Flgure 4.4). Reach 50 had the:lowest,,rCPUE at'25.8/100 nLn. Not

onLy were there reaeh dlfferences ln ralnbow trout CPUE butr -the
relatLonshLp between reaches changed by seaBon-. whln the reach
and season Lnter'acttonrras exanined (Tabl"e 4'3)' CPUE of ttlil:t
trout varied elgnlflcantLy (Two-way ANOVAi dt.20, 314; F=2.5436;
P<'001')'CPUElnReach'.l0durdng'.:cottrrnn'lgS4tvaegteaterthan
durlng the springllof 1984 ana nttt.,t,,Bowever,r'there was no clear
seasonaL' trend in Reach 10. Reaches :,20 ,and r30 ehowed no aeasonal
d{f f eren"."' 'Lo 'CpUB. Reach 40 showed, an,l,lacreaee ln CPUE untll
autumn f 985 when it began a s teady dec1lne. This decllne
corr€8pond6 to an Lncrease ln CPUE':Ln Reich;'.,50 durlng autumn and

wLnter 1985186.
, 

.,.a.,,,, .

Distrlbutlon of ralnbow .'tiout collected by seinlng
represented prlnarLLy backwater habitate. The highest catch rate
lraa 3.0/100 m2 ln Reach 40 (Fl.gure' 4.5). No ralnbow trout were
collected from Reach I0 using,thls nethod. Seasonally, the
highest cetch occurred'durlng Buomer l.!84. The lowest catches
were Ln autunn and wlnt";:'

'' 
'';r' 

l -' .'' 
'

CPUE of raLnbow trout .wtthi,:the 1arval seine showed a sl.nl1ar
distr{butLon pattern to electioftshlng. Cat ch ranged from
93.0110O n2 ln Reach lO to',:6.I1100''rn2. ln Reach 50 (Flgure 4.6).
CPUE dtd not vary between eprlng '1985 and 1986, but ehowed

dtfferences between the wlnters of lg84 185 and 1985/86 (Flgure
4.7), though not sLgnlf lcent (One--rray ANOVA; df =3 , 263:' F-L.'6794t
P>.05 ) .

Catch df ralnbow trout by ttammel netting .1n ' t'984 ltas

htghest (gl.7 lt2 h) .ln Reach 10, folLowed.,byl '.Reach 40 with
35,2/ 12 h (Fl.gure 4.8).", No f lsh' were gaptured by tramtnel nettlng
ln Reach' 150, and'nettlng 1n'the malnchannel waB dlscontlnued
afterl984.],:.:..:.'l,..

Tbe catch of brownitrout by electrOflshlng wae concentrated
around Re-aeh 30 ( F.lgure 4.4). Reach 30 ',r, CPUE ltaa hlghest at
II.7/100 ml.n, and none were caPtured Ln Reach 10. Brown trout
nere not captured eeLnl.ng backwaters, and only one tras collected
(Reach 40) wlth the larva1 selne. Tramuel nettlng catch nag

hlghest (27.g112 h) ln,Reach 3O (Flgure 4.8). Seasonal patterns
1n CPUE were not observed (Tabte 4.4).

CPUE electrofishtng for brook trout decreased from the upper
to lower reaches (pigure 4.4). CPUE wae IO.4/100 rnln ln Reach l0
and none werei captured ln Reach 50. Catch generally decreased
through the perlod of the study. Seasonally, CPUE was lowest
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durlng sunmer and hlgheet ln autumn (Table 4.4r, but ltlthln
aeaaona, catch generally decllned fron one year to tha next '
Brook trout were not captured by eel.nlng or larval aelning, but

were captured wlrh trannel nets ln Reach l0 (4 L.1l12 h) '.and Reach

20 (4.21L2 h) (Figure 4.8).

tng lncreaeed from thel :el:t :o 
lower

reachee (Flgure 4;4). ICPUE ;Ln Reach 10'was f.9/f 00 uin, onLy

3.lZ of electroflehlng CPUE for carp in the entire rlver'
Reaches 40 and 50 had the htghest catch rateB of 22.4lLOA nln'
The greatest 8ea8onal dif ferenee Ln carP,-:CPUE was betpeen "pt_1i9
and autuDn (Table 4.4). The lnteractlonlof reach and 8ea8on CPUE

;;; ;;;i;t;;;;-(r,no-", ANovA 7 dr=20, 314; F=2'77i P<'001)' All
carp collected by sel.nlng were below the, 'tltt,1e .Colot1d: lil:: ti
reaches 30-50. Reach' 40 had the hlghest Catch r'ate of 6' 1/100 m2

(Flgure 4.5). Carp ltere captured by tramne1."'tt.tt1og only ln
Reach 40 (26.I112 h) (-Flgure 4.8).

Fathead nlnnow were collected by electroflshlng i'n the lower

reachee. Catch na8 greateBt Ln Reach 50, I.2lLOO mln, and ln
Reach 30 below the ,Llttle Colorado Rlveri ,Ol4llOO uln (trlgure

4.4). No Beaaonal trend wae evl.dent (Table' 4.4). Fathead ttttl:*
were captured by eelnlng ln reaches 30-50. Th€ hlgheet cPuE'

44.Uto0m2,waalnReach50(tr.tgure4.5).Catch
hlgheet Ln summer and decllned through the remalnder of the year

(Flgure 4.9). CPUE by 1arval eeLnLng was aleo varlable between

aeasons and years (Flgure 4.9).

Natl.ve Specles

Bluehead eucker CfUU by electroflshlng generally lncreased

down rlver' :lFigurel, 4,.'4). The hlghest' CPUE waa ln Reach 50

(1.7/100 nln). ,seagona1ly, bluehead eucker cPUE electroflshlng
was greatest durlng' Eummer 1985 (Table 4.4). Seine data were

slnl1ar, Wlt'h catci lncreaslng down river (Flgure 4'5) ' CPUE

ranged from o ln Reech l0 to 4.6/lOO il2 in Reach 5o' selnlng
CpU; wag hlghest durlng sprlng and summer 1984 and 1985 (Flgure

4. l0); however r oo bluehead suckers we're captur-ed__selnlng (n=39

saupllng efforte) ln sprlng 1986. Larval sucker cPuE wa8 greateEt

tn Reach 4a , 22..g/ 100 rI, and Reach 50, -20.g/ t oo 82 ( Ftgure

4.6). Larval suckers wlth recorded CPUE were not captured ln
reaches l0 or 20. Larval selne cpuE was low ln both wtnter
1984/85, 1.9/too m2,
4.10). Catch varied

and wLnter 1985186, L.2/too m2 (rrgure
between spring I 985 and spring I 986 '

-59-
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Trammel netttng cpuE for bluehead suckers lras hlghest ln Reach
30; few, however, were captured in any reach wtth trannel netB
( ffgure 4 .8 ) .

CPUE electroftehlng for fLannelmouth eucker was htghest tn
the upper and lower extremes of the study area (trtgure 4.4).
Catch nas hlghest (45.0/lO0 nin) in Reach 10. The lowest CpUEe
were in Reach 30 (1.41lI0O nln) and Reach 40 (1.3 llOO mLn).
Generally, cPuE lras hlghest durlng sprl.ng and lowest Ln Bummer
(tab1e 4.4). Ilowever, a clear trend nas not observed.

Flannelnouth selne CPUE lras sirnllar to that for bluehead
sucker, Lncreasl.ng in the lower reaches wlth the highest cpuE,
4.4lroo m2, in Reach 5o (Ftgure 4.5). No flannelnouth suckers
were selned. from Reach 10. cPuE seLnlng wea greatest tn spring
1984, though capture teehnlques had not yet been Btandardlzed,
and catch may have been overeatLrnated (Flgure 4.II). The pattern
for r985-1986 showed an lncrease Ln cpuE ln sprlng, contlnulng
Lnto summer and then decreasLng durlng autumn and wLnter.

Larval flannelnouth sucker CPUE nas greatest ln reaches 40
(8.5/l0O n2) and 50 (8.9/tOO 12) (Ftgure 4.6). The grearesr cPuE
for larval flsh occurred Ln sprlng I 986 ( rtgure 4. I I ) , though
there ltas no slgnlflcant dlfference between seaBons (One-way
ANOVA; df-3, 272; F=1.0077). Flannelnouth sucker cpuE by trammel
nettLng nea greatest in Reach l0 (ZZS.Ol12 h) and Reach 30
(64.6/12 h) (Flgure 4.8)

Most hunpback chub captured by electroflshing were ln the
vlclnlty of the Little colorado RLver (Flgure 4.4). Ninety-slx
percent of all chub captured by electroflshtng lrere from reachee
20 and 30. No chub lrere collected fron the tallwater, Reach
10. Trammel netted ftsh were captured ln reaches 30 and 40 wlth
1lttle dtfference ln cPuE between the two reaches (Flgure 4.8).
In seLnlng backwaterB, 95.42 of all humpback chub.were esptured
Ln Reach 30 (Flgure 4.5). Most of these were captured Ln October
1985. The only chub captured by larva1 selnlng were from Reach
50, 3.8/tOA t2.
CPUE by seasonr

Insufflclent numbere precluded evaluatt on of

The htghest cPUE elecrrofishing
Reach 50, 1.3/100 mLn (ffgure 4.4).
electrofishlng ln reaches z0 and 40.
differences 'ln cPuE electroflshltrg,

for speckled dace was ln
Dace lrere also captured by
Though there !ilere seasonal
no clear pattern emerged

dace ln seined backwatersCPUE of speckled

,T,,

#;

(ff gure 4.4).
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Lnereaeed from upper to lower reachea. The hlghest CPUE was 1n

Reach 50 (14.4/tOO 12) and none nere eelned fron Reach f0 (Flgure
4.5). Catch rates from larval eelnlng wae hlgheat ln Reach 50
(83.6/tOO 12) and lowest ln Reach 20 (0.9 /tOO 12) (Flgure 4.6).
Slgnlflcant differencee ln dace CPUE occurred betrteen aeasona
(One-way AN0VA; df-3 274i F-4.6L28; P(.01). The greetest catch
waa Ln winter 1984 185, 56.U 100 m2, and sprlng 1986 , 64.2llOO nz
( Ftgure 4.12) .

B. HABITAT UTILIZA\ION

Flehes wer€ colleqted. ,:by eleetrgf lshlag . f rgn a varlety of
nal.nchannel habttrt"'" rrr.r.rJr-ig, rrrrr" , eddtls, backwaters ' and
sLdechannele and a variety of substrates Lncludlng sand, gravel,
rubble, boulders, and cLlffs. Use by the dlfferent species often
changed froo one :ieach to the next. :

Introduced Epecles
I Adolt ialnbow trout CPUE waa greate6t Ln runB i.n reachee 10

and 2A anid ln backwatere ln reaches 30, 40, and 50 (Table 4.5r.
Adulta were found near gravel subetrate Ln sanpllng above the
Llttle Colorado Rlver and larger rubble and bouldere below.
Adult CPUE was htgheet ln presenee of vegetatlon Ln all reaches
except Reach 50. ,

Subadult ralnbow trout were most abundant ln eddtes ln
reaches 10 and 30 and backwatere ln reaches 40 and 50. In Reach

40, CPU'E nas slmllar .:acroes all habltats. Subadult CPUE ttas
gfeateBt for rtibbLe and boulder ln all reachee. Subadulte were
neer vegetatlon ln reaches above the Llttle Colorado River, but
not Ln reaches below.

A comparlson was made of CPUE of ralnbow trout ln runB t

eddl.es, and backwaters durlng steady and fluctuatl.ng flows (Table
4.6). BecauBe of dtfferencee 1n habltat uBe above and below the
Ltttle Colorado Rlver, these reach data were conblned lnto tlto
groups. Winter 1984/85 waa tested agalnet wlnter 1985/86 ueLng
ANOVA. Wl.nter wab used becauae 1t waa the only geason

characterlzed by both steady (1984185) and fluctuatlng (1985186)
flows. By llnltlng analyale to one aeaBon we hoped to control
for Beaaonal differences and teBt for only flow tyPe. The only
signlflcant dlfferencea 1n habltat use were for adults 1n eddles
and baekwatere above the LCR (ANOVA P<.05). However, adult catch
durlng fluctuatlng flows was hlgher ln all habltat types whlle
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catch of subadults decllned. It appeared that adult uBe of the
electroflshed habitats naa not advereely affected, but that
subadulte nay. oove to deeper water .a,nd ,,,areas 1Iees affected by
fluctustlng flowe.

Brook trout adults were captured Ln
flsh lrere captured most often in eddl.es
Reach 10 where stdechannel cpUE was hlghes
s howed no de f ined pa t t e rn Ln s ubs t rate
hlghest near cliffs Ln two of four reaches.
near vegetation in all reaches.

reaches l0-40. These
wlth the exception of
t (Tab1e 4.7). Adults
CPUE , t hough CPUE rras

Adult s were captured

Subadults ltere nost often caught ln eddiee.ln reaches 10 and
20, and ltere not captured below the Ltttle Colorado Rlver. They
were caPtured ln boulders and ln the absence of vegetatlon in
both reacheB.

Brown trout adults in moBt reaches were generally captured
Ln runa (table 4.8). Howeverr ln Reach 30 where brolin trout were
most abundant, backwaters and cllff ahores had by far the
great€8t CPUE.'In other areas eubetratervarled from c1lffs ln
Reach 20 to boulder ln Reach 50. In reachee where CPUE along
cltff. , waa hlghest, CPUE ' waa also greatest 1ni absence of
vegetatl.on. Auong other aubetrate type6, CPUE iae aLways:hlgheet
ln the preBence of vegetatLon.

Subadults,. whlch were captured l.n low numbers in all reachee
excePt 30, were also found ln backwatere. Ilowever, catch reteg
by substrate were dlfferent for subadulte; rubble was the most
coumon eubetrate selected. CPUE was hlgheet .tn vegetgtl.on '1n
reaches 20 and 30, but htgheet ln the abeence of vegetatLon Ln
all other reaches.

Adult carp CPUE waa htghest ln the slower lrater velocity
habttats of backwatere and 

"aaf." 
ln all flve reaches (Table

4.9). Carp denelty by subetrate waa varlable. CPUE nas greateet
over boulder and eand ln the reaches of htgher CPUEa. In all
reaches adult carp CPUB waa greater ln vegetatl.on.

Habltat eelection for the few eubadult carp collected waB
slnllar to adulte. Llke adults , they were ublqultous acros s

eubstrate types except gravel. Dlfferencee between adults and
eubadults appeared ln CPUE for vegetatlon. Subadult carp CPUE

was hlgheet ln the abeence of vegetatlon ln two of three reaches.
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Natlve Specles

Bluehead sucker CPUE for adultB wae not consplcuously
htghest for any one habltat type, though faster current rune and
sldechannels aeemed lnportant ln so11e reaches (Table 4.10). CPUE

lqas highest near gravel 1n Reach 10, but not Ln any other
reach. In Reach 50, where CPUE of blueheads nas greateat, the
hlghest CPUE occurred over rubble substrate. S and never
contained the hlghest denslty for adults Ln any reach, though
Bome ftsh were captured over sand ln all reaches.
hlghest ln the absence of vegetatLon ln all reaches.

CPUE was

CPUE wae generally higheat lir runs for subadult bluehead
suckers. Thelr densltles by substrate seemed to vary by reach.
CPUE ltas hlghest wlth eand and cltff ln Reach 40 and boulder and
sand ln Reach 50 where eubadult abundance wes greateat. With the
exceptlon of Reach 40, eubadults followed a pattern einilar to
adulte and CPUE nas htghest ln the preeence of vegetatl.on.

Catch rates for flannelnouth eucker adults ln Reach l0
dtffered from all other reaches (Table 4.11). CPUE waa hlghest
ln Reach 10 backwatersr They were captured in runs Ln all
reaches, though runa never contaLned the hlgheet eUE ln any
reach, In Reach 10, CPUE near eand aubetrate tras twlce that of
any other substrst€. Cl1f f , gravel , and rubble CPUE were
slnl.lar, whlle CPUE ln boulder nas the loweet of e11 eubstrate
types. CPUE w.as htghest ln the absence of vegetatlon except ln
Reach 10.

Subadulte were .generally collected from eddles and run6 over
eand. In contrast "to adulte, .eubadult CPUE !ras htgher Ln the
presence of vegetatl.on ln all reachee except Reach 50.

llabltat lnfornatlon for adult huupback chub !ras reported
fton reaches 20-40. In reachee 20 and 40 adult CPUE wa8 hlghest
ln eddles and ln Reach 30 ln runa (table 4.12r. In reachee 30
and 40, adults nere captured along cl1ffs, although ln Reach 20
the catch naB hlgher 1n boulders. In all cases adult CPUE waB

hlgheet ln the abeence of vegetation.

Subadult CPUE by habltat followed that of adult hunpback
chubs, though 1n Reach 50 eubadulte !rere caught ln eddles.
Substrate eelectlon was more varlable with the hlgheet CPUEe over
aandr rubble, and near cllffe. Adulte and subadulte were not
captured over gravel. Subadult CPUE lras hlgheet ln abgence of
vegetatlon wlth the exceptlon of Reach 50.

ii'
.*' :

:ffi;
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Larval Selne

Ralnbow trout fry were most often caPtured 1n runa followed
by eddies (Appendlx 4.2). The hlgheet CPUE for fry wae over sand

and especially Ln habltatB providlng cover. Ralnbow trout ltere
captured at a mean depth of 23.6 cm and ln water veloclty lower
than for any other specles (Table 4.13).

Fathead mlnnows were found 1n the deePest water of anY

epecles sanpled wtth the trarval se|ne. They were also found ln
r"a"..re1o"ltles hlgher than any other specles except hunpback

chub.
f UII$ r

Fathead mlnnow cPUE for habLtat type wa8 hlghest Ln

cPuE ln eubstrate was greate6t on aand, and. they were

captured in cov€to

Larval bluehead sucker were mogt often encountered Ln

backwater6, over gravel and ln associatl.on wlth cover. They were

found in water wLth a tnean depth of 2L.7 cm and a neail veloclty
of 0.23 ft/sec. Mean water temPerature was near l5-C (Flgure
4.13).

Flannelnouth eucker larvae lrere found in habttats s1nlIar to
bluehead eucker. The exception wa8 that flannelnouth euckers

were not neceasarlly ln cover. Depth, veloclty, and temPerature
were all near, but ellghtly lower thaa thoee of bluehead eucker

habttar6 (table 4.I3, Flgure 4.13).

of the hunpback chub JuvenLles captured, the hlgheet 
T:t

wae in runa over sand and near cover. DePth and veloclty
meaaurementB ltere taken from the habttat of only one captured
lndlvldual. Mea4 Itater temPerature where flsh were captured waa

o.
L5.2- C. Thle temperature ls warmer than that for other natlve
flehes except speekled dace.

Speckled dace was the only specles that had lte greatest
denslty ln eldechannele. Llke other natlve ftsh, speckled dace

were coltected over gravel and near cover. They were captured at
water depthe slnllar to thoge ^where fathead ninnow ltere taken'
Mean watlr temperature (26.7goC) where dace ltere captured wag

greater than for any other epecles.

Habttat AvatlabllltY

Change I ln the
when dlscharge !ilas

frequency of eddtes

relatLve amounts of habltat types occurred
dropped from 28,000 cfs to 4, 800 cf8. The

generally tncreased ln all reaches (fable

ii
$1 

";-p; s'tb.,

4q,
-77-



Table 4.13. Mean depth and veloclty for 1ar;aC, fiy and_other-en3]1,flehes
. c6llected.wtth larval eel.ne ln.nalnchannel Colorado Rlver.

Depth Velg"Jty _

SpecLes Mean SD n

Ralnbow trout 23.6 12.6 159 , 0.1 0.2 135

'.1

Fathead mLnnow 27.4 15.3 ll4 0.3 1.0 78

Bluehead eucker 2L.7 ll.5 58 r:' 0.2 0,2 24

Flannelmouth sucker 23.6. 13.5 33 ' 0.2 0.2 26

Iturnpback chub 24.0 I ' 0.3 I

Speckled dace 26.7 13.4 105 O.2 O.l 51

'7 8-
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4.L4). The relatlve percent of eddlee for the entlre rlver
increased sllghtly from 52.g7t of, the habltat type to 59.32. Runs
decreased fron 44.02 to 36.37. and probably correepondlng to a

decrease ln water veLoclty aesocl'ated wtth a decrease ln
dischaFg€ o

Substrate type frequencl.ee changed 11tt1e between the tlto
flow levels (Table 4. l5). The greatest change waa a decrease
fron 25.17 to I8.57. for cltffs to and en lncrease from 6.72 to
I2r47 Ln nearshore substrate being rubble. Table 4.L6 represents
the domlnant habitat classes conblnlng habltat and subs trate
types. The dominant class in reaches 10 and 20 above LCR changed
from runs with boulders to eddles wlth boulders. Reaches below
the LCR showed no clear patterns.

Beeause backwaters, represent a sna1l area of the Colorado
River, a total count was aorre (table 4.17lr. Included are other
spawnlng areas ( cobble bare ) and unl.que habltat (slde
channels ). All these habltat types lncreased. Backwaters
exhiblted a four-foLd Lncreaee ln nurnbers. The number of cobble
bars lncreased by 7452 at low flow; however, thle repreBents an
increase ln exposed ralnbow trout spawnl.ng 8E€8so

4.3. DISCUSSTON

DI STRIBUT ION
' 

" 
,. ..tr''1:1,i .r,. ' '

' ' 
t::"::' 

':'r " '

The .dtBtitbut'lofi 'o:f 'r,,f l-shee ln Glen and Grand canyons has
been reported from p,rlor to the constructlon of Glen Canyon Dan

to the present tlme (Table 4.18). Differences ln sampltng
nethods, gear typeB, and effort uake comparlsons among studleB
dlf f Lcult. Ilowever, these studles do show a change f rom ltarm
water specles prLor to and lnnedlately after cLosing of the dan
to a 6yBtem donlnated by cold water and eurythermal fLehes.
Although aome natlve species have perBleted through the changlng
envlronment, many have been extlrpated, lncludlng Colorado
aquawfl.sh, bonytall, roundtall chub, and probably the razorback
sucker. Introduced species such eB red shlner, black bullhead,
channel catfieh, green eunfleh, bluegt11, and largemouth bass
have elther dLsappeared or decreased ln abundance. RaLnbow and
brown troutr coldwater apecles, have increased due to etocklng,
natural reproductlon, and a Dore favorable envlronment.

Water tenperature, clarlty, relatLve food abundance, flsh
etocklng, locatlon of trlbutaries , and abundance of backwatere

-80-



Table 4.I4 Frequency and percent
at high .and los f lowe ,

(Z) occurrence of
from ,Andergon et

nearshore rl.ver habttats
al. (t986).

Reach
Flow
level Eddy Backwater Run

Slde
channel

10

20

31

32

4L

42

50

TOTAL

Htgh
Low

Ittgh
Low

Htgh
Low

IItgh
Low

High
Low

Htgh
Low

Itlgh
Low

It{gh
Low

2g
50

118
113

28
23

20
39

45
,51

108
143

r18
122

466
518

12 (42.9)
33 (66.0)

49 (41 .5 )
68 ( 6O .2)

r 3 (40.4 )
7 (30.4)

L2 (60.0)
16 (41.0)

28 (60.9)
3r (s9.8)

58 (5r .7)
88 (6t.5)

72 ( t.o)
72 (59"0)

244 (Se.4)
307 (S9.3)

0 (0)
2 ( 4.0)

3 (2.5)
0 (0)

0 (0)
2 (9. z;

I (s:o)
2 (5.1)

0 (0)
0 (0)

2 ( 1.9)
I (0, 21

5 (4.2)
8 ( 6.6)

1 1 (2.4)
13 (2.5)

, 16 $t.1)
L4 '( 28.0)

65 (5S. 1 )
,45 (39.8)

13 (46.4)
, 1 1 (47.8)

7 (3S.o)
18 (46.1)

, 16 (34.8)
2A ( 3g .2)

47 (43.5)
53 (gr. I )

41 (g+.7 )
38 (3t.1)

Z0S (44.0)
188 (r0.3)

0 (0)
1 ( 2.0)

I (0.9)
0 (0)

2 (7.1)
3 (tr.0)

0 (0)
3 (7.7)

Z (4. 3)
,1 (2.0)

, I (0.9)
I (0.7 )

0 (0)
4 (3r3)

,,6 ( t.3)
r0 (1.9)

-8 1-



4. l4). The relatlve percent of eddies for the entlre rlver
Lncreased sltghtly from 52.91 of. the habltat type to 59.32. Runs

decreased frorn 44.07, to 36.32 and probably correspondlng to a

decrease ln water veloclty assoclated wlth d decrease ln
dlscharge.

Substrate type frequencLes changed Llttle between the two
flow levele (Tab1e 4.15). The greatest change was a decrease
from 25.ll to 18.52 for cltffs to and an lncrease from 6.72 to
L2.47 Ln nearshore eubstrate belng rubble. Table 4.L6 repreaents
the domlnant habitat classee conblnlng habltat and substrate
types. The domlnant class ln reachee lO and 20 above LCR changed
from runs with boulders to eddlee slth boulders. Reaches below
the LCR showed no clear patt€lneo

Becauae backwaters, repreBent a amall area of the Colorado
Rl.ver, a total count waa done (fabte 4.L7). Included are other
spawning areaa ( cobble bars ) and qnlque habltat ( elde
channels ). A11 these habltat :r types Lncreaged. Backwaters
exhtbited a four-fold lncrease Ln nunbers. The number of cobble
bare lncreased by 7452 at low flow; however, this repreeents an

lncreaee ln exposed ralnbow trout spawnl.ng 8r€88.

4.3. DrscussroN

DISTRIBUTION

The distrlbutLon of ftshes ln Glen and Grand canyons has

been reported from prlor to the'conBtructlon of Glen Canyon Dan

to the present tLme (Table 4.18). Dtfferences ln sampltng
nethode, gear types, and effort nake comparLsons among studies
dtfflcult. However, these etudles do show a change fron warm

water -epecLee prlor to and lnnedlately after closLng of the dan
to a systeE donlnated by cold water and eurythernal flshes '
Although some natlve apecles have perBLeted through the changlng
envlronment, many have been extlrpated, lncludlng Colorado
squawfish, bonytal1, roundtail chub, and probably the razorbsck
sucker. Introduced speel.es euch aa red ehlner, black bullhead,
channel catfleh, green sunfieh, blueg111, and largemouth bass
have elther dleappeared or decreaeed Ln abundance. Ralnbow and
brown troutr coldwater epecleer. have lncreaeed due to stocklng'
natural reproductlon, and a more favorable envl.ronment.

Water temperature, clarltyr t€latlve food abundance, flsh
stocking, locatlon of tributarles , and abundance of backwatere

-80-



table 4.15 Frequency and
eubstrates at

Percent(z).oCcUrrenceof'.I1€8fshorer1ver..
hlgh and low flowsr'from Anderson et al. (1986).

Reach
Flow
level n clrff Boulder Rubble Sand

10

20

31

32

4L

42

50

TOTAT

286
506

118 32
113 14

285
23 ,0

209
39 . 10

46 19
.51 ,23

108 38
143 35

r18 ' I
122 8

466 117
518 96

(2t "4)
( tz. o)

(27. 1 )
( 12 .4)

(17.9)
(0)

( 45. o)
(zs. 6 )

(4t"3)
(45. r)

( 3S .2)
(24.5 )

(6.8)
( 6.0)

(zs. I )
( tg.5)

L2 (42.9)
16 (32.0)

57 (4S. 3 )
59 (52,.2)

4 (14"3)
r0 (4r.5)

I (40.0)
15 ( 39.5)

18 (39.1)
17 (33.3)

44 (40.7)
77 ( 53.8)

49 (4t.5)
42 (34.4)

192 (41 .2)
226 (43.6)

4 (14.3)
16 (32.0)

4 (3.4)
L4 ( te .4)

5 (12,9)
6 (20. 1)

0 (0)
6 ( ts.4)

5 ( 10.9)
4 (7.8)

Z (1.9)
3 (2,1)

11 (9.3)
2L (t2.2)

31 (6.7)
64 (t2.4)

6 (21 .4)
LZ (24.0 )

25 (21 .2)
26 (25.0)

14 (50.0)
7 (30.4)

. 3 (15.0)
I (20.5)

,.4 (9.7)
7 (t3.7)

,24 (22.2)
28 (19.6)

50 (42.4)
51 (4t.8)

126 (Zt.O)
L32 (25,5)

IIigh
Low

Ittgh
Low

Hlgh
Low

High
Low

Itlgh
Low

Htgh
Low

High
Low

tttgh
Low
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Table 4.16, Percent occurrence'bf do.nfri'ant habltat claegee
(greater than 102 orf a1f.'hibltetB) . aetlned by
nearshore habltate and ahorellne pubstrateg
for.htgh and low flowe at eelected reaches,
fion Andereon et al. (1986).

Htgh Flow Low Flow
Reach Ilabltat Clase Habltat Class

10

20

3l

32

41

42

50

run I Aoulder
eddylboulder
eddylcllff
edd y I sand
run I rubble
run I sand

run laoulder
eddylboulder
runl cl 1f f
eddy I cLLf f
eddyleand

edd y I aand
run/sand,
run I rubble
eddylcllff

eddylcl 1f f
edd y I boulder
runl cltf f
run lboulder

eddylellff
eddylboulder
run lboulder

run lAoulder
eddylclrff
eddy/aand
eddylboulder
run I cLl ff

edd y I eand
run lboulder
eddylboulder

edd y I Aoulder
run I rubble
eddy/sand
edd y lrubble
eddylcltff

e ddy I bou 1d er
edd y / eand
runlboulder
run I rubbLe

runlboulder
eddy lsand
eddylboulder
run I rubble

run lAoulder
eddylboulder
eddylcltff
edd y I eand

eddylcllff
edd y I boulder
run / cLlff

edd y lboulder
run lAoulder
edd y I aand
eddylcllff

edd y I eand
eddylboulder
run lAoulde r
run I rubble

28
L4
L4
11
11
11

32
16
14
13
13

32
18
14
14

30
25
15
15

33
22
L7

24
2L
L7
16
L4

33
23
19

26
16
14
14
T2

30
23
22
l0

26
L7
13
13

20
15
13
13

27
18
18

27
27
L7
T7

35
18
16
14
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Table 4.L7 Total number and
nursery habttats
Anderson et al.

number per mlle ( ln parentheses ) of sparfntng and
f rom 'Belected reaches at htgh and low f lows r f rom

(t985).

Spawnlne and Nursery Habltat

Reach
Flow Sample
level mLles

Isolated CobbLe
Backwater backwater bar

Side
channel Total

31

10

20

32

42

50

TOTAL

9.0
15 .0

61.5
59.0

15.5
11.0

10.8
6.5

22.2
22.2

52.0
56.5

58. 5
58,5

229.5
228.7

1 (0.1)
t7 (1.1)

26 (0.4)
103 (1.7)

3 (0.2)
62 ( 5.6)

I (01 1)
16 (2.5)

I (0.04)
34 (1.5)

33 (0.8)
40 (0.7)

122 ( 2. 1)
225 (3.8)

197 (0.8)
497 (2.2)

0 (0)
5 (0.3)

3 (0.05)
22 (0.4)

0 (0)
L7 ( 1.5)

0 (0)
2 (0.3)

0 (0)
2 (0. 1)

o (0.6)
5 (0.1)

I (0.02)
23 (0.4)

4 (0.02)
78 (0.3)

2 (0.2)
1g ( 1.3)

0 (0)
L4 (0.2)

I (0.1)
g (0.8)

0 (0)
I (0. 1)

I (0.04)
4 (0.2 )

2 (0.04)
2 (0.04)

5 (0.1)
43 (0.7)

11 (0.05)
92 ( 0.41

2 (0.2)
5 (0.3)

2 (0.03)
15 (0.2)

6 (0.4)
'7 (0.6)

0 (0)
0 (0)

3 (0.t1
I (0.04)

g (0.1)
4 (0. 1)

10 (0.2)
29 (0.5)

31 (0.1)
61 (0. 3)

5 (0.6 )
46 (3.t)

31 (0.5)
154 (2.6)

10 (0.6)
95 (8.6)

I (0.1)
19 (2.9)

5 (0.2)
4r (1.8)

43 (0.8)
51 (0. g)

138 (2.4)
32A ( 5.5 )

233 ( I .0)
728 (3.2)

Itigh
Low

Itigh
Low

Itlgh
Low

Hlgh
Low

Hlgh
Low

Ittgh
Low

High
Low

Htgh
Low

4L
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all aeem to be inportant f actors 3s , f 1sh, :dtetrlbutlon wlthln the
river. lfater tenperature has been consldered the primary cause
for extl.rpatlon of natLve ft"shee fr,op: ,regulated Portlons of the
colorado Rlver (Itolden and stalnaker 1975, Behnke and Beneon

1980). r ,The it"oi";.;"".-.ot ";.;..rl"*" -f 
rom cotorido Rtver

taLllraters ls connon (Vanl1ek et 11;..t9701. , :

Speclep .dlverelty' throughout the fi.ve'reachea was low and

dld not appear to relate arrectly ,1e111rlh"blt"t dlverslty. Reach

5O had the ,ihtghest 6peC,l.es rdlver.glLyr. ,ibut :a . correspondlng low
habltat diverslty. Although habltat diverslty w88 low, Reach 50

contalned an estl.mated 45.57. and 6l .,57 Of all backwaters at 4 r 800

and 28,000 cfs, reBPectLvely. It 1e typlcal for warmer wa'ter to
contatn a,.more diverse, fauoSr IIose'v',er,rr Ln thls system there Ls

very ltttle warnlng fron the dam"to'above Lake Mead (See Chapter
3), an4 backwatere and trlbutarl.es repr€sent the onlyi warr water
habitate avallable. Therefore, 'bic'kwater locatlon and abundance
nay contrlbute ilore ro, specLee_ .dleitrlbutlo.n and dlverelty th91
other factorIr Because theBe habltats warm Ln the eprl'ng and

auDD€f,e they nay provlde essentlal spawnlng and rearlng habltatB
for speeles that night otherwlee. !f:.apnear 

from the syatem.

Introduced Specles " ,' ' .'
- Ralnbow trout were collected ' throughout the striayr at€€lr

though catch ratee were hlghest ln the tallwater from the dan to
tee:e Ferry. Ralnbow trout have replaced natLve ftsh populatl'ons
trn other tallwater6' (Yaniee'k: et 'a1. 1970). Annual Btocklngs of
f fnler1lng ralnbow trout and ',t,he''relative ebundance', of aquatlc
fr,oertebratee and other food ltema, (lefUfrled and Bllnn 1986) nay
contrlbute to thelr abundance ln Reach 10. The stocklng of
ralnbow trout downstrean ended ln l97l (Persone et al.1985)t and

present populatlons are attrlbutable to reproductlon ln the
trlbutarles and maLn channel. Downetream movem,ent fron Reach l0
was uLninal durlng the Pregent.egudy (See Chapter 7, and does not
account for trout below Lee-B Ferry.

Brown trout abundance ln , the river Beeua to have lncreaeed
slnce the exaulnatlon of fieh dletrlbutlon by Carothers et a1.
( tg81). Mos t of thel.r lnc tease ln abundance geems to have

oicurred in reaches 30 and 40, lnnedlately above and below Brtght
Angel Creek. Flsh" tn the.,malncha.nnel oay represent tndlvlduala
movlng from the creek. Water .tenperature and clartty make

habltats 1n:Reach 1O) lees.suttd!le'for brown trout (Scott and

Croe eman lg7 3. Goe Be and IIe ln I 982 ) .
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Brook trout dlstrlbutlon was fa1r1y predlctable as abundance
decll.ned wlth dlstance traveled down rlver. TemperatureB ln the
tallwater uor,e nearly approxlmate the optllnal temperature for
brook trout. Dlstrlbutl.on appears to be controlled by etocklng
and dispereal down rLver, rather than by reproduction

Carp dletrlbutLon was the lnverae of brook trout. Catch
lncreased from upper to the Jower reaches. Thls may be related
to temperature preference. tn8 preferred tenp-erature of carp n:"
bee,n reported to be L8.5-23.0-C (Jester 1974>. Temperatures ln
Reach 50 are not near that optlnum but are the warmest
nalnchannel tenperaturee (i=1l.5oC) in the study 8!€do

Fathead minnow, 1lke carp, were moet abundant ln the lower
reaches. The varl.atl.on Ln f athead abundance by seasona ref lects
lts short ltfe span and hlgh reproductive potentlal ( Carlander
l96g).

Natlve Speclee
Adult and larval bluehead suckers were nost abundant ln the

lower reacheg. Rlverlne euckers are lese abundaat Ln tallwaters
than ln unregulated 6treams (Swtnk and Jacobs 1983). Bluehead
suckers were not -captured ln the flret 17 mllee below Flanlng
Gorge Dam (Vanicek et al. 1970).

Flannelmouth suckerB, unllke other native flehr were most
abundant ln Reaeh I 0. In general, Large adult flannelnouth
suckere nere 1n Reach 10, whl1e Juvenlle and larva1 fleh were 1n

the lower reaches. Larval suckers are knolfn to drlft fron
spawnlng grounds to thelr nureery areaa (valdez and Ryel 1986).
The lower portlon of the rlvef may aerve as a nursery and rearlng
area., and aa these" ftEh grow, they dlsperse throughout the rlver,
concentratlng Ln Reach 10. 8y comparlson, flannelmouth euckers
are the only natlve ftsh present ln the Flanlng Gorge tal.lwater
(Vanlcek et al. 1970). Abundance and persietence of thts specl.es
may be ltnked to the lntegrlty of backwaters used aa nursery
areas ln reachee 40 and 50.

Speckled dace, 11ke other natl.ve flahes, were most abundant
ln the lower reachee. Thought to be prlnarlly aseoclated wlth
tributary Btreams (Carothere et a1. 1981), they were abundant 1n

Reach 50, en area wlth no t rlbutarles . Presumably, rrarmer
backwatere and eidechannele provlde habltat neceBBary for the
d1fferent 11fe BtageB of the epeckled dace.

Adult hunpback chub, though found ln reaches 20-50, were
generally captured ln the proximlty of the Llttle Colorado
River. Kaedlng and Zl.nuernan (1983) aleo found adult hunpback
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chub '' :a short distence 'upstream and, downstreem f rou the tittle
Colorado Rlver. Adults were collected from the Gl,en , Canyon

tailwat,er Ln 1967 (Suttkue and , Clenner, ,'19 77), but none ttere
eaptured there.durlng the preeent study,. iMoet.y-o-y and subadult
humpback chub were collected f,ron reachee 30 and 50, where DoBt

backwaters ln the study area occur.

HABITAT UTILIZATION

Ralnbow trout habltat selectlon dlffered above and below the
Ltttle Colorado Rlv€rr Greater, turbidtty below the Little
Colorado Rlver may affect habltat eeLeetion by fish. GradalL and

Swenson ( 1982) found that ln noderately turbtd water fish uee

overhead cover .lees than ln clear waler. Subadult preference for
lower water velocl.ty accounts for,''dlfferences Ln habltet from
that of adults (Gosee and Gosse 1985). Andereon et a1. (1986)
reported differences ln relatl.ve percent of habitat for reaches
f0-50 at 4r800 cfs compared to 28,000 cfs. If adult and subadult
habLtats ehange at, dlfferent water stageB r forced crowdlng or
alteratlon of an lndlvLduals chol'ce of habitat may r-esult '

Ralnbow trout fry selected habltatg wtth low or no curt'ent
velocity. Persons et al. ( 1985 ) showed that as diecharge
changes, habltat sultable for fry changes from one rlver Locatlon
to another. If dtscharge fluctuateB, theorettcally fry coul{ be

displaced downstream da11y. Dls charge Pat terns durtng the
present study tnhlbtted our abtltty to test thls hVnotle:t:.
Ralnbow trout fry were not dleplaced dbwn river uader the falrly
steady f low regl.me durLng thia etudy.

ttke ralnbow trout, catch for adult and eubadult brown trout
ln Reach 30 was hlgheat ln backwat€r8 o Brown trout, unllke
rainbows, ltere caught ln areas lacklng vegetatl'on; thls nay
reflect their more pLscLvorous nature. Thoge specLeE caPtured
near vegetatlon nay be feedlng on food falltng lnto the rLver.
In thls portlon of Reach 30, backwater and cltff abundance were
alnllar at the two ,f1ow levele exanined (AnderBon et al. 1986).
The Rarrow, eheer c11ff envLronment of thle' stretch of rlver
changes very 1lttle wlth water Bta$€ o However, dutlng hlgh
discharge water veloclty lncreased and surged Ln and out of
backwat€!Bo Thie could affect habitat of fleh and thelr food
base.

If sanpllng was repreEentatlve of rdctual habltat eelectlon
of fiehes, then brook trout and rainbow trout are using dlfferent
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habltat types. Brook trout nere ln eddiee and along cltff and

boul"dere, though they prefer cold headweter 6treama (Scott and

Crossman I973). Cllff frequency was the aame at both flow
1eve1s, whlle boul.der frequency wa3 hlghest during low flow.
These represent shorellne substrBt€8. The re fo re , boulder
frequency nay not change wlth flow or may decreaae at lower
dlsctrarg€so Water veloclty ln mainchannel habltats was not
measured although 1t Day be an Lnportant factor Ln deternlnlng
overall habltat sultablllty.

carp, known for lte adaptabl1lty, preferred habltats wlth
slower water velocl.ty and dld not aeem to select any one

substrate type. The ublquitou6 nature of carP may account for
1te dlstrlbutLon among habltat types. Carp abundance and

dlstributlon may be regulated by water temperature rather than
habltat type (See Chapter 3).

Fathead mlnnow denslty waa hlghest along runs _,where they
were captured Ln vegetatLon. Vegetatlon served to break the
current vetoclty and probably also provided food. Fathe ad

mlnnows were found ln the rlver prlor to the constructlon of Glen
Canyon Dam and have persleted elnce Lte cloeu!€. Fluctuatlng
flows may affect populatlon alze by creating warm backwaters for
reproductlon (See Chapter 5), and later flushlng the young flsh
hatched ln these envlronnenta lnto the rl.ver.

The hlgher velocity runa and sl.dechannels wlth rubble
substrate eelected by bluehead sucker probabLy serve as feeding
areaB f or theee ttBcrapers. tt When nater levele drop many of theee
shallow areas are exPosed. Larval bluehead suckers were
generally ln ehallow backwaters and nay also be affeeted by

changlng rtater leve1.

Backwaters, where flannelnouth eucker catch ltas greateBt t

may have been feedlng, reBtlng, and apawnlng habltats for thls
specles. Few were obserVed ln theee habltats durlng the day, but
nlghttLne electroflehlng ln backwatere often reeulted ln very
htgh catch rates. Llke other natLves, larvae were generally ln
lentlc, sand or gravel botton backwat€EEo Theee habltats form
and dlsappear aa river etage changes. If water level fluctuateB
ln late spring or early summer, eurvival Fnd eventual recrultuent
could be llnited.

Speckled dace were collected from a varlety of habltate but
eeened concentrated ln backwaters and sldechannele, habltatE
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rraime-r l than'..the ,881o , channe1. ,ltate,r f 1ow,,., and tenperatur.e . ln
eldechaa'nels,nay reaemble trlbutarleB, :,rhele'sp€ckled dace are
Beaaonally abundant.

Generally, aduLt and subaduLt huupback chubs were collected
along cltff and bouiders in maLnchannel habltatB, 'and VegetatLon
dld not appear Lmportant ln habitat 

, 
eelegtlon. In huopback chlb

populatione in the.,Green and Upper Colorado rlvers, lndlvlduals
are belleved to prefer deep, swlft ar9a6 wlth large boulders and
sheer cllff (VaLd.ez 1980, Tyus et al. L982, Valdez and Clenner
l982).

.,Y-S--y humpback -chub were gaptured in sandy runB. 3od
backwaters slmLlar to those reported 'ln the upper basln (Holden
L978, Valdez and Clemner 1982). ,.IloLden (1978) reported y-o-y
hunpback chub preferred depths of 0.6 m and velocitles fron 0.0-
0.15, metera per eecond (n/sec) (0.0 0.49 ft/sec). Valdez ar.d
Cleuner ,(,1982),report eLlghtly ,dif ferent reaulte, f or Juvenlles
f ron :Biack:- 'Rocks :aod: ,, WeBtweter Canyon .{n ',,the, UPPgr''"Colorado
River.', The '.few y-o-y were captured at a stnl!.ar veloclty, but 1n
shallower nater. The mean temperature for captured y-o-y chub of
l5.2oC ie well below thelr optl.muu (Bulk1ey et a1. l98I).
Although larvae of other natlve ftsheB were collected from
mal.nchannel sltee, no hunpback chub larvae were found outeide of
the Little Colorado , RLver. Hainchannel 'tenper.atur'e8, , whf ch,: 8E€

lethal to chub ova (Hanman 1982), nay ltntt the dletrlbutlon of
hunpback chub, and nal.nchannel 

-abundance 
may be dependent uPon

the cariyt ng capacity and succeae of reprodubtlon: wl'thirt " :the

I.,ltt1e Colorado Rlv€rr Ittstorlcally, when sPrlng and summer

nalnchannel telnperatures approximated thoae ln 'the ''L1ttle
Colorado Rlver, 1.r.r.. rry'fri.r" uttt Lzedlmalnclharinel' habttatBi as

tnurSery 8E€88 o

BA CKI{ATER .EXAT'ItrNATI ON

4. l. UETHODS

PrLor to the change tn the release pattern of Glen Canyon
Dan from htgh Bteady flowe to a reglne wlth dally fluctuatl.one ln
october 1985, three teams of blologlstB were flown to etbtlons ln
reaches 30 , 40, and 50. Each team worked a concentrated area of
backwaterg' eanpllng flshes prlor to fluctuation,and'dur.lng the
f lret f ew daye o,f f luctuating f lows. Statlone were located ln
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areas of known lnportance to native flahes ,baeed upon earller
results from thts etudy. After the ghort sanpllng trlp, a

regularly echeduled trlp was made through the canyon between
October 6-15, and moat of these backwater8 were agaln selned.

.Backwaters were eanpled usLng 7.6 x 1.8 il eeLnes wlth 3.2
and 6.4 mm mesh. A11 Btatione were eanpled wlth 3.2 mm mesh
selnes but not al.1 el.tee were aaupled . lth. ,6.4 mu mesh geines.
Collected fleh were ldenttfled, measured to the neareat
nllLlrnet€r r welghed ,when approprlate,, glven a -f ln cllp unique to
the backwater, and then, releaeed back into that aaue backwater.
The fln cllps were used to determLne., fl.sh movement durlng
f luctuating f lows. I{ater tenperature rras rneasured to the nearest
degree centlgrade uelng a hand held thermometer.

Backwatere nere claastfled aa connected (wlth acceaB to the
rlver) or leolated (cloeed off fron the rlvei).' A aertes of
backwatere nea eanpled wlthln each statlon during steady flowe
and agaln each day af,ter the water began.fluctuating. However,
Bome backrraters present at one flow level were no longer
backwatere at another flow leve1. A backwater present at low
water nlght be an eddy at htgher water, whlle,,a backwater at hlgh
water 'ntght be dry a.t lower water. llydrographs near each sttrdy
site were eetinated uelng the Bureau of Beclamatlon Stream
SluulatLon and ReservoLr Regulatlon (SSARR) model (See Graf et
a1. 1986).

4.2. RESULTS

Releaeee from Glen Canyon Dan fluctuated between 1 r960-
26r500 cfs from September 29 to 0ctober 4, 1985 (Flgure 4.14).
At the Reach 30 Btatlon lows occurred between 2lOO-2200 h wlth
peak flows occurrlng between O40O-flOO h. The Reach 40 statl.on
experienced low flows from lTOO-1900 h, whlle Reach 50 waa lowegt
between 0000-0200 h. tltgh flowe for Reach 40 were at 0200-0500 h
and for Reaih 50 at 0900-1200 h. Becauee of the tlne of day low
flows occurred at these Btatt one, very few backwaters were
sanpled at thelr loweet water leve1. Loweet water dlacharges
occurrl.ng tn'reaches 30,40, and 50 were 5r000,6r150, and 6r340
cfs, re8pectLvely. Becauge of flow attenuatlon, statlons nearer
the dam experlenced greater fluctuationB.

In all reaches, water tenperature changed very " 11ttle ln
conneeted backwaters durlng ateady and fluctuatlng flows (Table
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ar tatnnoratu ed backwatera were warmer4. l9 ) . However ' tempereturea Ln lso1at
than, connected backwaters, averaglng between 16.5-19'ooc' Mean

mainchannel temperaturea varled between 11.5-14.0oC, wlth warmer

temperatures occurrlng ln the lower reacheE'

Nlne ftsh specles lrere captured durlng the sarnpllng

perLod. Fathead mLnnow (62.7 Z) and humpback chub (30'4 7", t:t:

respectlvely most abundant I'n the catch from connected

backwaters ln Reach 30 durlng stable f1o$s (tr'lgure 4'15)'

speckled dace, channel catfteh, ralnbow trout, and common carp

made up the remalnlng 6.g2. After flowe began fluctuatlng t

fathead mlnnow (Lg.2Z) , the predonLnant specles, waa replaced by

hunpback chub (69.62>. Isolated backwaters created by changlng

nater levels contalned fathead mlnnow, hunpback chub' and

speckled dace

Catches in connected backwaters of Reach OO__l"ttlg -steady
flows were agaln predonlnately fathead mln4ows (55'62) (trlgure

4..L6. They were f ollowed by rainbow trout ( 19. lZ) t speckled dace

(lg.gz), flannelnouth eucker (3.82), bluehead sucker (1'9U)' and

humpback chub (0.82). when connected backwaters ln thls ""i:l
were sanpled durlng f luctuatlng f lows , f ath_e-ad nlnnows ( 69 '02)
remained predonlnant. Speckled dace (g.27.) , bluehead sucker

(5.47.) , ralnbow trout (4.72') , f lannelnouth sucker (h '6t) , comt0on

carp (1.3U), hunpback chub (0.82), and a slngle Plal'ns ktlltfleh
(0.4%)werea].eopresent.onlyonel,solatedbackwaterwag
eanpled ln thls reach, and lt contalned no fteh

Reach 50 nas t'he only sanpled area where fathead ulnnow naa

not the predouinate epeclee (Flgure 4.L7r. speckled dace (53'92)

conprised the naJorlty of the catch Ln connected 
- 
backwaters

durlng steady flows. The rpmalnder waa nade up of fathead minnow

(35.42), flannelnouth sucker (7 '62), bluehead eucker. ( l.'82)l, 
li1

hunpback chub ( l.3z). Durlng fluctuatlons, bl-uehead suckere

(4L.gz) !rere predomlnant. Fathead mlnnow ( 38.42) and speckled

daqe (13.92) were also abundant. 16olated backwater catches were

made up of speckled dace (76.02), bluehead sucker (I1'01), and

fathead mlnnow (12'OZ)' The flehes found ln lsoLated backwatere

ln reaches 30 and 50 ltere thoee moEt abundant in connected

backwaters durLng fluctuating flows'

To better understand the relatlonehip between bt"lii:-::

type, reach of the rlver, flow, and catch per unit effort (CPUE)

and mean length data lrere calculated for each speclee ' cPuE for

ralnbow trout ln reachee 30 and 4O connected backwaters decreaeed

':

{
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Table
- r.$.,.

4.19. Water tenPerature of connected and leolated
backwatere durlng steady (S) end fluctuatlng (f)
flows fron Septeuber 30 - October 5r 1985' at
eelected eltee ln the Grand Canyon.

Reach
Backwat er
typ e Flow

Me an
temPerature SD

30

40

50

Connected
Conne c t ed
Isolated

Connected
Connected
Isolated

Connected
Connected
Isolated

s
F
F

s
F
F

I
4
I

s
F
F

L2 .2
13.5
17.0

13.7
14.0
16.5

14.0
14.0
19.0

L .25
L .52
3.46

0.75
2.01
-

0-00

11
18

3

16
10
I
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REACH 30

oF t.lr

cA

clj

w

G.TT

-.a'nN:
-\J J7**'r

Fril 4IJT

Specles compoeltton of flsh selned
from backwaters ln Reach 30 before
and af ter the onset of fl-uctuatlng
flows ln October 1985.

Flgure 4.15
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RTACH +O

Rgf 55.3r

cls

oNS 3.8;

10.4I

FHrl

oNs 1f .4r

g.8r

c/F

Flgure 4.L6. Species comPositlon of fish selned
f,rom backwaters in Re1"!- 40 before
and after the onset of fluctuatlng
flows 1n October 1985-

ots 30.77
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RTACH 50

sF loTr

s0 utel

lis af.tt tsTr '

$E 143

Species comPositlon of flsh sel'ned
fron baekwaters ln Reach 50 before
and af ter the onset of f luctuatlng
flows ln October L985'

els

cfi

w

Ftgure 4.L7 .
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when flows fluctuated (Ftgure 4.18). No trout nere collected ln
Reach 50. Ralnbow trout ttaa the only species ehowlng a

signtflcant dtf ference (ANOVA p(.005 ) betlteen steady and

fluctuatlng fl.owe (Tab1e 4.20). Fathead nlnnow showed a slnllar
pattern to ralnbow trout, decreasLng ln CPUE (Flgure 4.19) after
fluctuatloilso Flannelnouth eucker ltere collected only fron
reaches 40 and 50 (Ftgure 4.2O>. They showed the same pattern
as rainbow trout and fathead nLnnow, decreasing Ln CPUE after
water began fluctuating. No flannelmouth suckere were found ln
lsolated backwat€ES o CPUE of bluehead sucker in connected
backuaters lncreased durlng fluctuatl.ons ln reaches 4O and 50

( ffgure 4 .2I) . CPUE f or b luehe ad s ucker ltas ht ghe s t ln an

lsolated backwater Ln Reach 50. Humpback chub CPUE decreased ln
both reaches 40 and 50, but lncreased fron 14.1 fish/tOO DZ to
44.0 ftsh/100 m2 in Seach 30 (Flgure 4.22). Speckled dace sholted
a sl.nllar pattern to hunpback chub, deoreaslng in CPUE ln reaches
40 and 50, whl1e lncreasLng ln CPUE ln Reach 3O (Figure 4.23).
The hlghest CPUE for speckJ.ed dace occurred in an LsoLated
backwater. When CPUE by epecles was compared between reaches,
fathead nlnnows, hunpback chub, and raLnbow trout were all
stgnlflcant (ANOVA p(.05 ) (fabte 4.2L, .

Except for ralnbow trout, mean length of specles collected
Ln lsolated backwaters lras less than connected backwaters prlor
to and during fl-uctuating f1ows. Mean length of painbow trout
decreased from 25g.8 mm to 252.1 mm ln connected backwatere
durLng water level fluctuatlons. Only one ralnbow trout (317.0
nm) waa found ln an Lsolated baekwater durlng thls period '
Fathead mlnnows also showed a s.ltght decrease ln mean length from
45.3 om to 43.2 mnr after fluctuationB. Fathead mlnnows (I-33.8
on) were smaller ln lsolated than connected backwaters.
Flannel-mouth sucker mean J-ength decreased f rom 80. I mm to 59 .8 mn

in connected backwaters after the lnltlation of fluctuatLng
flOws. Bluehead sucker mean Length decreaeed fron 75.4 nm to
57.1 mm Ln connected backwaters when fLows began fluctuatLng.
Indtvlduals ln leolated backwaters were snaller Yet, averaglng
33.7 ono Though huurpback chub mean length increased from 104.8
mm to I15.5 mm Ln connected backwaters durlng fLuctuatlonB' only
snall chub (*=54.0 nxn) were found ln Leolated backwatGr8. Mean

length of speckled dace captured ln connected backwaters
increased from 59.3 mm to 67.4 Bm after fluctuations began. Dace

coLlected from lsolated backwaters were snaller (*=26.3) than
those collected ln connected backwaters during both flow tyPes.
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Tabte 4.20. One-Iilay analysls
of catch per untt
backwaters before

of varLance (af F' 2, 79)
effort (cPuE) ln
and after fluctuattons.

Species Stgnlflcance

Ralnbow trout

Fathead mLnnow

Fl-anneLmouth sucker

Bluehead sucker

Carp

Hunpback chub

Speckled dace

g.4g

0.06

0.00

a.7 6

2 .24

0 .22

0 .32

P<.005

N/s

Nls

N/s

N/ s

N/s

N/ s

Table 4.2L One-llay
of catch
reach.

of varLance (af !'' 2, 53)
effort (cPuE) bY river

analysis
per unlt

SpecLes SignlfLcance

Ralnbow trout

Fathead mLnnow

FlanneLuouth sucker

Bluehead sucker

Carp

Humpback chub

Speekled dace

5. 5,6

8.09

o .23

0. 28

0. 57

L4.7 L

0.15

P<.05

P<.001

N/s

N/s

N/ s

P<.001

N/s
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Becauae of the aeason and water temperature r [o
nere collected ln backwatera durlng thls Portlon of

larval fishes
the studY.

Thirteen fteh nere recaptured clurlng fluctuatlng flows and

flve of these were subsequently recaptured on a rlver trlp (Table

4.22>. Of the recaptured fleh, eight were collected in the same

backwater where they were orlglnally marked. .The 
flve fteh that

shOwed movement were two flannelmouth suckers t two fathead

mlnnows, and one speckled dace. One flannelnouth eucker remalned

at the same locatlon (Rlf 194) but had moved from the backwater to

the ma lnchanne 1 . The four reualning recePtures ( 3lZ of the

ad noved down rlver between I'9-20'7 kn (mean 10'3

SD 8.0 km). Three of these fl;h were recaptured on the

subsequent river trlP.

when the aval.lablltty of backwaters waa examLned at 28 r00'o

cfs, Reach 30 contalned only four connected backwatere (2'L7" of

a11backwaters)(Tab1e4.23i).At4'800cfsthere
connected backwaters (15.72) , a twenty-f old lncreaa,e'-- *ti:O 

^::
contaLned 2L.82 of all Lsolated backwaters at low' f1ow (4t800

cf s). Reach 40 contained L8.22 and 14.gfr of all connected

backwaters at hlgh and low flowsr E€8Pectlvely. 
"o-t:vert 

thls
repreaents a two-fold fncrease golng from 34 connected backwaters

at 28r000 cfe to 74 connected backwaters at 4r800 cfs. Reach 50

contalned more connected backwaters (65'02) than any other reach

at 28r000 cfs. At4rS0OcfsrReach50stlllcontal'ned45'OZof
all connected backwaters' Although Reach 50 decreased ln the

relatLve percent of al"1 connected backwatere at 4r800 cfs,lt had

a two-foLd ,increase 1n the absolute number of connected

backwaters o Iso1ated backwaters Ln Reach 50 changed ln

representation frorn 25.O at 28r000 to 30.02 at 4t800 cf8' The

vLdeo work ahowed no lsolated backwaters 1n reaches 3O and 1O.t'
28r000 cfe, because these habltats dleappear qutcLly after belng

leolated fron the rLver.

4.3. DTSCUSSTON

colorado Rlver backwaters are lmportant nursery and reetlng
areaa for both natlve and lntroduced flehee (IIolden L977, Valdez

and !'Ilck 1981, Valdez 1982, Archer et al. 1985, and Valdez et al'

lgg6). Backwatere ln our etudy area appear to be very lmportant

to flehee on a 6easonal basLs. When backwaters cool to near or

below nalnchannel tenperature, abundance of flsh ln these
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Table 4.23. Nunber (n) and Percent
at two dlscharge levels

of backwater tYPes
ln reaches of

Flow
( cf s ) Backwater tYPe Re a cha Percent

28 r000

4 ,800

4r800

Connec t ed

Conne c t ed

Isolated

31
42
50

31
42
50

31
42
50

3
33

122

62
40

225

L7
5

23

1.6
17 .7
65 .2

L2 .5
8.1

45.3

21.8
6.4

29 .5

Reach codee used by LAnderson et al'- 1?96 dtffer
than those uaed ln thie "a"ii. 

Reach 31 :,represents

the upper half of Reach 30, and Reach 42
correeponds to the lower half of Reach 40' These
deetgnatlone exclude 'the hard rock gorge sectlone
of Reachee 30 and 40.
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habttats decreafi€s. Archer et al. (t985) found that I-o-y
squawflsh planted ln backwaters ln early OctobeF had moved out by
late November. By October, y-o-y natlve flahes have reached a

slze wher.e they are fatrly noblle though llnlted Ln thelr abtltty
to nove upstream. It ls therefore dlf,fLcult to draw concluslong
as to short- and long-term responees of young fLehes to
fluctuatlng waters leve1s baged on thls short examlnatlon.

In October, when backwater tenperatureE nere decreaelng to
near rl.ver temperature, 1t appeared that flows had ltttle 'effect
on backwater temperature. Depth may aleo contribute to backwater
temperaturea, but this waa not conaldered.

Ae ln other backwater studl.es along the Colorado River
(Valdez et al-. 1986), Lntroduced flshes generalLy were the moat
abundant speclee ln backwatere. Fathead ml.nnowe, whlch thr{ve ln
pond envlronments, seeD to prefer and do well ln backwat€r8o
However, durlng fluctuatLng water levels, CPUB of fathead mlnnows
decreased and those renaLnLng Ln backwaters were sma1ler. In
general, all l.ntroduced flehee showed thls same pattern. Larger
lndlvlduals are more noblle and nay have moved to areae of the
malnchannel lees affected by changlng nater 1eve1s.

Of the natlve flshes found ln backwate!s, flannelmouth
guc'ker and speckled dace showed a decLlne Ln CPUE and relatlve
abundance durlng fLuctuatlng flowe, whlle hunpback chub and
bluehead sucker generally lncreased. Valde z (1982) found more
Lntroduced flehes ln Lsolated pools than natlve flshee. IIe
hypothes Ized that natlve fteh are adapted to changes Ln flow and
can exlt backwaters before they become leolated. However, tt may

be that epecles 11ke fathead mlnnow and epeckled dace nay take
advantage of warmer temperaturee ln lsolated backwatere for
feddtng and reproductlon. Another posBlbtllty le that the enall
lndlvlduals of the speclea prefer not to leave the backwater
envlronnent for the harsher malnchannel and becone leolated from
the nalnchannel aa a result.

From the few fleh we recaptured there waa no cleer tr6nd
toward movement fron or remalnlng at a elngle locatlon. It rould
be dtfflcult to separate movement caueed by flow and habltat
changes from movement that le dlspereal fron areae of hlgh
concentratlon or movement aa a reeult of handlLng. At lea8t a

f ew lndlvlduals ltere able to survl.ve Dovemente of up to 20.7
km. If fteh were cont lnua11y forced to relocate because of
changes ln habltat due to f1ow, however, the reeultant nortallty
ntght be hlgh.
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' We were only able to look at a polnt ln time for a ltutted
slze range of fteh. Had envl.ronment:el. cbndltlons .allowed
fluctuating flows 3-4 lnonthB earller, when many of theee ftah
were ln thelr larval etages, results could have been dlfferent.
Larval f teh have nuch leeb 'nobtlity 

', aiid'l.are' oore vulnerable' to
rlver currenta and could be forced to oove downetream from one
backwater to the next wlth each dally cycle 1n flow. Each tlme
the fteh would be eubJected to nortallty from predators 

'8tarvatl,on, .danage from rlver currentsr. o! belng carrled Lnto an
unfavorable habttat. This could ,ieault ln only the lndlviduale
ln the most preferred habltats (backniters that remaln backwaters
at all f low levels ) survl.vlng.

From vldeo footage at 28 r 000 and 4 r 800 cfs there was a

change ln .absolute numbers of backwaters aB well aa many
backwatere dLsappearlng whlle new ones are formed. Smaller fieh
may have lees chance of ftndtng or belng carrl.ed into another
backwater. Holden (Lg77) etated ttrai,preferred habltat for y-o-y
humpback chub were connectet backfleterB wlth no current and a

maximun depth of two ft (0.6 m). In the reach lnnedlately below
the Llttle Colorado Rlver, g 9.6 m drop ln water elevatlon was

common durLng the fluctuatlng flowe Ln October.
' "'"r i '' ) " rre moved lnThe queBtlon renal'ns that even It y-o-y fishee

and out, of backwatere .dur1ag, ''fluctuatlng weter leve1e, is thls
constant moveuent beneficlal.or w1.11 lt' reeult la slow growth,
lnetantaneoua or delayed no-r!a11ty, and eventual reduction ln
populatlon leveLs. Unt.ll norg ls .known about ef f ecta of f lo.ws on
the larval stageB of theae flehes, this and other questlons
remaln unanewered.
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5. TRIBUTARIES

INTRODU CTION

One of the naJor obJectlves of thls study was to deternlne
the lnportance of trlbutarl.ee Ln nalntaLnlng aquatlc reaourcee of
Glen and Grand canyons. To accompllsh thl.s, the 11 major
trlbutarles were eelected es sanpltng areas. One fact or
dlctatlng these trlbutarlee be sanpled Ls that they are perennlal
sourcea of water input to the maLnchannel Colorado Rlver.
Another selectl.on factor 1e that earller studies wlthln these
canyons, examlned one or more of then (Johnson and Sanderson
1968, Carothers and Altchleon 1g72, Cole and Kubly 1976,
Czarneckl et al. I976, Mlnckley 1978, Carothers et al.198l).

Data for deecrlbing the trLbutarLes were collected frou two
uaJor 6ourcea. Unless otherwLse c1ted, elevatlon changes, polnt
of orlgln, and pol.nt of entry to the Colorado Rlver were taken
from the approprlate USGS topographlc msp. Geologlc infornation
ls from the Dap of the Eastern Part of the Grand Canyon Natlonal
Park (Grand Canyon Natural Hletory AssoclatLon 1980).

A brief
f o1lows:

descrLptton of the trlbutarl,es sampled Ls a8

Parla: The Parla Rlver entera the Colorado Rlver from the
north wlthtn RM I below tee-s FerrI. It orLglnates Ln the
Bscalante Mountal.ns ln southern Utah and flowe a dletance of,
approxinately 88 km. Gradlent te relatively flat when 1t enter6
the Colorado Rlver wlth a decll.ne ln elevatlon of leee than
24.4 m wlthln the Laet 2 ku of flow. Dlscharge estlmates taken
durlng thlg Btudy ranged from 7.9 to 34.4 cfB. As the ParLa
Rlver enters Glen Canyon lt blsecte the Shlnarunp CongLouerate,
Chlnle and lloenkopl formatlorsr The d ra lnage cove rg
approxlnately 3652 kn2 ln southern Utah and northern Arlzona.

The subs t rate ln the
primarlly of stlt and clay.
the Parl.a River conslsts
chtnensls ).

viclnlty of the confluence
The veget at ion along the

prtmartly of salt cedar

conslsts
margtn of

( Tamarlx

f,antoreap Greel: Nankoneap Creek enters the Cotrqrado Rl.ver
from the weBt wlthln RM 52. It orLglnatee between Kibbey Butte
and Bradly Peak and flows a dlstance of approxLnately 14 kn. The
polnt of orlgln for thle creek 1e wlthln I kn of the orlgln for
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Bri.ght Angel Creek. The gradient as lt enters the Colorado River,
ls among the steepeBt for the I I tributarles, dropplng
approxLnately 97.5 m wlthln the laet 2 kni of flow. Dlscharge
estl.nates taken during this study ranged fron 0.9 to 8.5 cf8.
Geologlc formatlons blsected are! Brlght Angel Shale, Coconlno
Sandstone, Cardenas Lava and, Galeros Formatlon.

The eubstrate found ln Nankoweap Creek upBtream fron the
confluence conslsts prlnarlly of a mlxture of cobble gravel and
silt. There ls a large cobble bar forned ln the nalnchannel that
extends both above and below the mouth of Nankoweap Creek. The
vegetation ln the vl.cl.nlty of the conf luence Ls aParBe 'conalstlng of arrowweed (Tessaria serlleq) and salt cedar.

Llttle Golorado BLver: The Lttt1e Colorado RLver provldes
the greatest water Lnput of any of the Glen or Grand Canyon
t rl,butarLes. This trlbutary orl.glnates on Mount Baldy Ln the
l{hite }lountalns and flows approxlmately 412 kn through eastern
and northern AtLzona. It enters the Colorado Rl.ver at Rll 61.
The grddlent Ls relatlvely flat as lt enterB the CoLorado, wlth a

decllne ln elevatLon of leee than 24.4 D wl.thln the last 2 kn of
f Low.

Thls trlbutary ls of,ten dry at the Hlghway 89A croaslng near
Cameron, Arlzona (approxlnately 7O kn upstream fron the Colorado
RLver). Johnson and SdnderEon ( 1968 ) noted that a serles of
eprlngs between 5 and 2l km upstream from the confluence with the
Colorado River provLdes the naJor water lnput to the Llttle
Colorado Rl.ver. BIue Sprtngs, located apProxlnately 2L kn
upBtreaD from the confluence, has the greatest ltater output.

I'laJor geologlc formatl,ons
RLver are the Tapeat s Sands tone
area dralned by thls trlbutary
kn?.

btsected by the Little Colorado
and the Brtght Angel Shale. The

1s sllghtly greater than 141 ' 100

The substrate of the lower portlon of thts trlbutary ls
prlrnarlly a mixture of clay and st1t, wlth several arees where
travertlne deposlte have forned. The vegetatlon ln this area ls
varLable, consleting of areas donlnated by cattalle (Typha
domLngeneLs), long stretchea of bare ground, and Bcattered areas
of salt cedar and mesqulte (ProsopLe Jg!;!ElE).

Clear Creel: Clear Creek orlglnate6 on the l{alhala Plateau
and flows at least lntermlttently over a distance of
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approximately 2L kE. It flows fron the north to the coafluence
with the Colorado Rlver 1n Rt{ 84. The gradlent over the last 2

kn .of flow 1e aleo among the steepen of the trlbutarleB wlth a

decll.ne Ln elevatlon of approxtnately 7,3.2 D over thle
dlstance. DurLng thts study dlscharge neaBureEenta ranged from

2.4 to I 3.3 cfe.

Over the course of f1ow, Clear Creek bLseetB the geologlc
formatlone that comprlse the Vtehnu Group.

The substrate Ln the lower portion of thts trlbutary le
prlrnarlly a mixture of egnd and 81lt. T-he overatory vegetatlon
of the area con8l.sts prlnarlly of wl1lows (Sallx spp.), although
specles other than those Ln what Ls descrlbed aE the nelt riparlan
zone by Carothers et 81. (1981) are pres€ot.

Brtght Angel Cree},: Thls creek orlglnates near Greenland

Lake and flows to the eouth a dlstance of'approxLnately 20 km'

MaJ or sources of water lnput to thts t rl.butary are Roarl'ng

Springs (apProxinately f6 kn upstrean) and Angel Sprlng
(approxluately 19 kn upetrearn). Phantoo Creek, whlch entera
Brtght Angel approxlmately 2 kn from the confluence wlth:1"
CoLorado Rlver, 1B also a source of water input. Durlng thls
study, dlscharge from Brtght Angel ranged from 25.1 to 72.L

cfB. Confluence wlth the Colorado Rlver ls withtn RU 87 ' The

gradient over the Last
decl tnlng approxLmat elY 48

2 kn of thl s tr lbutarY ls mo de rat € ,

.8 n over thts distanc€.

The geologlc formatlone bleected by thls trlbutary are thoee

that comprlse the Vlshnu, Unkar, and Tonto groupg

The substrate ln the lower portlon of this trlbutary ls
prlnarlly a mlxture of boulders-cobble-gravel. Vegetatlon 1n

thls area ls sparse, prlmarlly' con8tstlng of salt cedar and

meequlte.

Cryetal Creek: crystal creek orlglnates tn the Hlndu

Anphltheater and fLows approxlmately 1l kn to lte confluence wlth
the Colorado River wlthln RI't 98. Moat of the stream flow le fron
two eprlngs, Dragon and Crystal, whlch are located approxLnately
8 and lO kn from the confluence, re8Pectlvely. The gradlent of
thls creek 1s very 8teep, with a decllne ln elevatlon of

approxlmately 97.6 n over the last 2 kn. Durlng thts study '
dlecharge meaaurenenta ranged from 1.4 to 7.8 cf8'
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' .,, r.:. :t' r: '':i,- .. :: . :

Over the cpurrse., of ,flow, thle cre:elc. al:eo , btsects the
geologie f oqmatl.qns that comprl.se the Vlshnu anl Unkar groups.
' The '''substrate ln 'thie area "'is' dornlnatdd by a nl.xture 'of
rubble, '' iaiidr' :and etit, dlthciugh there ,are a f ew areaa donlnated
by , gravel. Ovetstory vegetatlon consl,sts of a nlxture of ealt
cedars and wl1lowe.

Shlnuro Creet.: Thte trl"butary orlgLiratee wlthin the Sh'lnumo
Anphlttreater and flows approximate Ly, 2O,km to the confluence with
the CoLorado Rlver wlthln RM 108. The polnt of orlgln Le South
Bi,B ,'SpringF. Severa 1 sprl.ngs that ent e r Shl numo Cre ek are
located approxLnately 13 kn from the confluenee, Gradlent for
thts 

"r""i 
ls r"irtlvely BteeD. wlth elevation decllnlng

----.t.' .: :

approximately 91.4 m over the laet ..2 kn of f 1ow. Durlng thte
atudy, flows.ranged fron 10.5 to 108.0 cfe. The oaJor geoLoglc
fo:uatione blsected by thie creek'a're" thoge comprlstng the Unkar
group. I .,,., .',:..: ; '

The substrate ln the area upstream from the confluence 1s
donLnated by sand wlth sooe gravel ln!erEpersed. vegetatl.on ts
sparse', conslstlng of e f ew overh.anglng ealt cedars.

Tapeets Creek: Tapeats Creek ortglnates ln the Tapeats
Anphltheater and ls f orned by a ,number of, eprlngs, the largest of
whlch Le 'Tapeats Sprlng located :''approxl.uately' l0 kn fron the
conf luence nlth the Colotilto f,.iver rlthln Rl,t 133. Sprlngs
orlginatlng from Monument. and Cgazy Jug polnts also provlde ltater
to Tapeats Creek. Thunder Rlv€f r formed by Thunder Sprlngs '
fLows lnto Tapeate Creek approxinately 3 kn from the
confluence. Huntoon (1g74) reported that thlg creek had the
htgheet dlecharge lnto the Colorado Rlver of any tributary
orlglnatlng fron the north slde of Grand Canyon. Dl s cha rge
measured during thls study ranged from 78.4 to 281.9 cfs.
Gradlent aB tt approachee the Colorado Rlver waB extremely steep'
wlth e decllne in elevatlon of approxl.ruately 97.5 m ln the laet 2

kn of flow..)
Tapeats Creek bLeects the geologlc fornatlons conprLaLng the

Unkar and Tonto groupB.

from the conf luence 1s

boulder. The overstorY
of wl1low and mesquit€.

The subs t ra t e ln the are a ups t re am

prlmartly a mlxture of cobble gravel and
vegetatlon of the area conslsts prlmarlly
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Deer Greet: Thls trlbutary enters the CoLorado Rlver from
the north near RU 136. It ortglnates from a number of springe
forned ln the southern portl.on of the Kalbab Pleteau and 1s

approxlnately l5 km long. Vaughn and Deer EPrlngs ere the maJor
gourceB of water for Deer Greek. The gradient of the laet 2 km

ls the most prectpltous of the trlbutarles studled wlth a

decreaee ln elevatlon of 195 ' I Do only two dlecharge
measurementa were taken at the nouth of thle tributary and were

L2.6 and 16.0 cfs.

Thts trlbutary bleects three geologlc formatlone: Redwall

llnestone, Tonto, and Vlshnu groups.

The substrate l-n the area above the confluence 1s donLnated

by a mlxture of sand and gravel. There Ls utnirnal vegetatlon ln
the area.

f,,anab GreeLs Kanab Creek Ls one of the Longeet trlbutarles
that enters the Colorado Rl.ver wlthln Grand Canyon' It
orlglaates on the Paueagunt Plateau ln eouthern Utah and flows
eouth approximately f05 kn to the confluenee at RU'143. Gradlertt
es Kanab Creek entera the Colorado River ls relatively flat' wlth
approxLnately a 24.4 m decreaee ln elevatLon over the l-ast 2

km. Dlscharge meaauremente taken durlng thls study ranged from

2.8 to 38.0 cfs .

The Tonto Group, Redwall and Tenple Butte fornatlons ere the

najor geologlc formatLona .bLeected by Kanab Creek'

The subatrate Ln the area above the confluence ts doulnated
by a mLxture of sand and gravel. Vegetatlon te llnlted,
consletlng of Ecattered salt cedara.

Havasu Creek: The na5 orLty of the water that makes up

Havaeu Creek flowe frou Havasu Sprlngs, whlch I's approximately l5
kn upstrean from the confluence wlth the Colorado River ln RM

l5O. Gradlent over the laet 2 kn of the trlb'utary ls moderate

wlth a decllne ln elevatlon of approxlnately 48.8 lr' Dlscharge
ueasurements in thls study ranged fron 60.6 to 207.4 cfs. Havaeu

Creek bleects the Baoe geologlc formatlons aa Kanab Creek'

The eubstrate of Ilavasu Creek consiete of bouldere and eand

wlth snall areas of gravel. The vegetatlon 1s a well developed

example of the nelt rlparlan vegetatlon wlth Lnterspersed
mesqulte, ealt cedar and wLllows.
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I 5.I. METHODS

Trlbutary Flsh Sanpllng

Electroflshlng of trlbutarles was acconpllshed wlth a bank
ehocker'. Thls equl.pnent utl1lzed a gaeoLLne-powered llonda EX 800
generetor produclng llO volts of alternatlng current (AC). The
polter output ltaa nodl f ted by a pulaator that converted AC to
pulsed dlrect current (DC). DC output 'ranged f rom l2O-240 vol.te
at 60 pulses/second wlth d pulee wldth of 50 percent. Two 30.5 m

extension corde, each equlpped with a 25.4 cn Coffelt dianond
ehaped electrode, were used to apply current to the water.

Effort was recorded aB minutes of actual shocklng effort.
An observer with a stopwatch recorded the effort expended. A11
fish netted were pfrcLa in a 18.9 I bucket and held untll
eompletlon of 8n area Burvey. Ftsh were then welghed, meaeured,
and marked as descrlbed in Chapter 4.

Mlnnow traps, hoop neta r , 
arrd trotlLnes nere used wlth

linlted succeBs. Flsh captured uelng theee techni,ques were added
to totals f or the specl.ee but e,f f.ort wae llnlted and, theref ore,
catch per unit effort le not reported.

Subetrate eanplee were collected from flve trl.butarles thet
appeared to be used by spawnlng flahr €Bpeelally the salmonlde.
A plaetlc bucket wlth a capaclty qf approxlnately 20 1, wlth the
botton renoved, wa8 forced lnto the subetrate over and adJacent
to redds. A11 substrate found wlthln the bucket lras removed,
drled and welghed. SampLee were then paesed through a serles of
steves wlth decreaelng meeh ' dLameter, wlth the remainlng
substrate rewelghed, allowlng calculatlon of the percent of the
sample that ls snaller than the sleve slze. A11 other gear type6
used Ln eanpllng trlbutarleB are dlscussed fri Chapter 4,

5.2. RESULTS

To evaluate seaaonal uae of tributarles, CPUE eBtlmates nere
derLved for several- dtfferent gear types. Success varLed between
epecles and methods. ELectroflshlng wa8 moBt effective ln
tributar!.ee contalnlng ralnbow trout wlth seLning and trammel
nets provldlng better data for natlve speclee.

Two factors made data lnterpretatlon dlfficult: a htgh
number of cases where no fleh were caught and timea when large
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numbers were caught ln a eingle eanple that resulted ln wide

varLanceB. As a reeult, few testB resulted ln slgnlflcant
dlfferences, however, trende were apparent.

Ralnbow trout were collected ln all trlbutarl.ee sanpled
electroflehlng (TabLe 5. I ) . CPUE waB hlghest ln emaller
trlbutarl.es euch aa Clear and Deer creeke where ftsh, durl'ng and

after spawnlng, were concentrated and vulnerable to our sanpllng
gear. Catch ln Brtght Angel and Tapeats Creeks ls underestlmated
because of the dlfftculty ln sanpllng theee fast flowlng, large
t ributarles .

Temporal shlfts ln trLbutary uae by ralnbow trout ltere also
evldent. AB mean water temPerature ln Brlght AngeL Creek

deellned from summer to wLnter' CPUE lncreased. Catch dld not
fol1ow temPerat,ure ln Tapeate Creek where temperatures trere

moderate (Flgure 5.1). Rather the htghest CPUEs were before and

during the epawnl.ng perlod.

Selne data lndicated seaaonal use patterna for flannelnouth
suckers and bluehead suckers. For the three trlbutarles where

case numbers exceeded f5, use occurred almoBt excluaively durlng
eprlng and summer (Table 5.2). In Kanab Creekr CPUE estlnateg
for flanneluouth euckers ranged frou a hlgh of 10.8 ftsh/fOO m2

ln sprlng, decll.ned to 0.54 ftsh/100 82 in summer, decllned agaLn

to leee than 0.01 fleh/ 100 n2 ln autumn and raLsed to O ' 51

flsh/too n2 ln winter. slnllar patterns were observed ln the
Parla and Llttle Colorado rlvere

Tributary uEe by hunpback chub was almost entlrely
restrLcted to the Llttle Colorado Rlver. Selnl.ng lta8 successful
1n the Llttle Colorado Rlver and Kanab Creek, although no effort
was recorded for the one hunpback chub captured ln Kanab Creek'
CpUE was hlgheet ln the Bunner (4.79 flgh/tOO t2) followed by

sprlng (1.18 ftsh/100 t2). Trammel nets were also used

aucceasfully to capture hunpback chubs ln the Ltttle Colorado
River and Shlnumo Creek. Overall CPUE estJ.nates for trammel

nettlng were 1.75 and 33.2 fLshlL2 h ln Shtnuno and the Llttle
Colorado Rlver' resPectlvel-Y

Seaeonally, hunpback chub CPUE for both eeLnlng and trammel
nettlng sholted sinlLar uge pattern6 to the other natlve fish
dLecueBed. lllth both techniques ' CPUE was hlgheet ln sumner

followed by epring, wlth very low estlmates ln autumn and wlnter'
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Table 5.1. Electroflshtng catch per unLt effort (catch/10
' mln. ) for ralnbow trout wtthln several

trLbutarles of the Colorado Rlver, 1984-96.

Trlbutary Mean SE na

Parla Rlver

Nankoweap Creek

Clear Creek

Br lght Ange 1 Creek

Crystal- Creek

Shlnumo Creek
)

Tapeats Creek

Kanab Creek

Deer Creek

Havasu Creek

4.55

5 .29

14.60

4 .92

2 .42

2. 00

13 . 31,

1.85

44.7 6

4.57

L .97

5 .37

1.11

L .27

3.96

38. I

I

3

4

I

3

I

I

2

I

I

a Number of tLrnes electroflshed.
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Table 5.2. Sel.ne catch per unLt effort (catch/100n2)
estlmatea by eeason for flannelnouth euckert
bluehead eucker and hirnpback chub, 1984-86. All
tributarles conblned, data prlnarlly fron Parla
Rl.ver, Llttle Colorado RLver, ahd Kanab Creek.

Specl,es Season llean SD Cases

Flannelmouth
sucker

Bluehead
sucker

Hunpback
chub

Sprtng

Surnner

Autumn

Wlnter

Sprlng

Sununer

Autumn

Wtnter

Sprtng

Summer

Autunn

Winter

10.06

0.37

0. 00

0.29

32.57

73.23

14.20

0.49

1. 18

45.95

0. 00

0.49

36.30

0. 86

0.00

0.48

93.66

L7 9.34

45.05

0. 81

5.46

165.00

0. 00

L.42

25

24

11

19

23

2L

11

19

23

11

11

19
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when total numbers are consldered r slmilar patterns are

found. On rlver trLps durfng f984, 3r296 flsh ltere caught uslng
alL gear types' excePt larval seines (Appendlx 5'1)' The total
catch nas donlnated by four specles; speckled dace ( I , 1 26) '
rainbow trout (698), hunpback ehub (614), and flannelnouth sucker
(595). In aggregate r theee speclee comprlsed 90 '22 of the

co11ectl.ons. Three speclee, plaLns ktl1lf tsh, golden ehlner , and

black bullhead were represented by a elngle collectLon.

In 1985, 2,547 fleh were collected from trlbutarlee
(Appendix 5.2). Four epeeles dornLnated the collectlons ln 1985'

These were bluehead sucker (930), speckled dace (5I6)' hunpback

chub (409), and flannelmouth, sucker (4OZ). In aggregate' these

specles represented 88.77 of the cateh. Brown trout (8) and carp

(9) were the least frequently captured fish'

Fewer rlver trlp8 were uade Ln 1986. Decreased effort Le

reflected ln reduced nunber of fleh collected (l'745) (Appendtx

5.3). Wtth the exception of a sanpllng trlp to the Llttle
Colorado RLver and Havasu Creek ln June 1986r f,o trtbutarlee were

eanpled Ln sprl.ng or EumDer, 1986. Both of these are seaBons

rhat prevlously had reeulted ln hlgh capture r:te8- lo" 
netl've

f 1sh. llumpback chub were most abundant (632) followed by ral'nbow

trout (473)., speckled dace (27g), and flannelmouth sucker
(224). Theee four epeciee comprlsed 92.17 of the catch. Fathead

mlnnow (1),, carp (5), and brown trout (7) were lnfrequently
caught.

Becauee of the aeasonal patterns ln water temperature ln

moat trlbutarles (See Chapter 3) there ls 1tttle overlap ln use

by natlve and lntroduced speclee (Flgure 5.2)' NatLves conPriel
ro"a fleh ln the trlbutarles ln epring (8gZ) and aummer (962)

wtth trout the most abundant group ln wlnter (682). Autumn le e

transltlon perlod where both natlve and trout are lnhabltlng the

tributarLes.

Table 5.3 present e the y-o-y fleh data collected ln

trlbutarles. There were aeven epecles f or whlch 1" wer: a-ble 
.to

document reproduction in the trlbutarles aa lndlcated by the

preeence of y-o-y fleh. Ralnbow trout was the- no:t frequently
captured fleh (35.12) followed by hunpback chub (25'47), bluehead

eucker (24.92). Flannelnouth sucker, speckled dace, brown troutt
and fathead mlnnow conprl.eed the remalnlng 14.62.

-121-



Fhf
5

E3 . A
o
tr

O 'r{
.r.l A O
rfo
d GlrF{
tr tl t+{ c0

o
€Jd d H
truoGd
d A 6 F{

or0
o oh
o'u o'o
.r'f cd

o o h"do€s o
AO H
O A .a 9

F{ O+J
{J€ U g
5 drd
O e''rfl (J

t{ t{u o'ctg
Jroo

F{ UF{n{
F{ A *4qr
cda(J

oo0r+{.c oc
O r.l O.r{

3€
ho€ )
U E tr,-t
CIF{ qt U,oo x
, tr GO
CtC€v
orrtS
HF{.C O

t+{ r+{ u o
v .r.l

O J4t{
5{ O r\trJ
fr.r{S 5
tll O O.p
F{ O E'r{
oo.SH
$oS{.1

z
F

Ffaz
o
a
Lrl

f
a

u
0,a

o

sl
o

!n

o
t{
u
b0

.F{

Frr

ooooooooooo
OO@N()O!tnN!F

(z'l AONlnoSuJ

-122-



o!o
}.
o

FI
o
C'

A
(\|
\r,

F{
o
b0

€
ats
b0.d
l.n

A
F{\,
&
C':r

Aor{
v
r
G
ot
oJ
trsn

A
N
(\I
v

€I
6
g

F\
r0v
&
3

AA
dFl
vv

*stt6Fr9
6v

AA
C\|u1
Chv
v
6gFfAI

s{s
U'

A
\0\r'

I
hr

AAAAA A.AA
tN€Fr@N O\r(lCA
\rv\o Nv v\,, Itl

rf \., \/
a3v l. gr.
+r-c 3 Cl c, t0 9
l.c& lEo dllo
! Ef' tra F 6trtLJ a- F\tV -t{ -g()tri

a\
r{o
d
\r/

fr
C)
FT

A
(\|
v
uo
6
>6
E

F\o
v
&(,
FT

,\,\,A,^,^,I|AFT,^ .^|/r\.^| AA^o\ 4^a\aAAA+itii6in-Jon o\.c € e -ar-n \o 61 N aa .4 \g to n \o d rg
6 fr, ii{ivvv\rv \rvv \rF. vv{D !. vO_\r'v d
vY v v\r' \r' \"

FlFf GAlrgO krO O 9 B tJ t''rE-i-rEF-E! rc-f rlHEor;6o$Et6--Er|-O-5- -r|6 !!tFgerr_!!I6EF0EdEg. dF.g. g.gEESHFE"!ElFl< Fr&5q, I.'Ft- i E,' ir'-A ----E--cr< l' r -':tI-rr?5FE 6t: EF r. -7 -cl-6 E
z E 6 r" -D r 

-6 ., t{ u)
EEb*3#,EJbo rflr}.nn

A
(\|
rn
v
&
C)
Ff

\o
00
o\
Fl

l{
o
E
I-v,

AAAAAAA AA
frlrrrtrllrrC\|r{ €F
\rv\r\rvvv \"\,
E BrrS Bx3 f 3
-{GG|!SOl eg]rOrr3! O!09 Fftr
fl ts B.g E€'3 

'?& l. X
E!9, E T'E s3- z5l

l.
EI

A AA
G| €!|
V vV

3 $3

A
FI
v

&
3

A A
t\ \p
€ (r|
rl -av v
frxC,C'rJd

A
N
ra
v

t
&
C'
Ff

ln€\O\o
€ € rCu't lf1 rn\
o o oo 0o orn \0
o\ o\ g\o\ o\ g\o t9Fr Ff r{r. ;i -9 3
l. Ci ].b0 l. trotE a g5 g !b H
E ., c t E r,.', d
-j E 'HA 3 Utr h

3h tu,

,{t
E
tt\
d

!0
trd
l.c
v)

-L23-

Dog
tr
.llt

o&
,}l
6&

E6Ol.sooJ,9U
Fl ,F tlt

.lt
o

Fl
JrJo
OOB6ula

ar,
u
o
E

F{Ot{go
e&6r,
F{3bur

D
oSuaado
Gl.
CFr

I
TJ

6&BAE'esEL'

biO
tr
;lE
FlOtr{tt€oull

,lJo
o(/
x
ov
gt
og
h
l,
l{
6
o
u0

F{

F{

d
b0
tr
r{
o
a

rg€
I.lt

o
o\
F{

Eo
t{

t*l

E
o
lf
(,
o

F{

Ft
oo
s
o
+{
t
oB
o
&a
.d
llf

F
Io
I

D{

lll
o

A
o
o
o
os
l,
c
o
l{sr
tr
+{
v
l'
o€
E
9
Ei

rtc
rG
A
G
o
d
l{
6.,}|4uo&tr
t{dl.OUO\r'

Fl6qlg
Ol.+lS
t, F{
r!UOot

Ffll

a
frl

t
rn

or{eot{



Ralnbow trout spawnlng was verl.fled ln elght of I I
trlbutarLes examlned. Spawning by nattves occurred prlnarlly Ln

Parla RLver, LlttLe Colorado River, and Kanab Creek. Howevert
bluehead sucker used a variety of other trlbutarles lncluding
Deer, Crystal, Shinuno, and Havasu creeks.

To further evaluate whlch trlbutaries supported spawning and
whlch perl.ods nere lmportant r r€productlve condltlons of adults
were exanlned (rable 5.4r. These data tndlcate that ln 1984, the
peak of trout spawnl.ng occurred ln December. During December
84.42 of adult trout checked'tn Nankoweap Creek were classlfted
as ripe. Several other trlbutarLes showed sinilarly hlgh ratlos
of rl.pe flsh (Clear Creekr,4lT; Tapeats Creek, 7AlL06; Deer
Creek, 4L147). In several trLbu'taries,,up to 28.6t of the trout
examlned ln Decenber 1984 nere spent. Rlpe f1sh ttere found Ln
Nankoweap and Shlnuno creeks aa late as Aprll 1985.

Although the number of fish exaolned ln the. autumn and
wlnter 1985 spawni.ng BeaBon was reduced, it appeared that wlth
the exceptLon of Nankoweap Creek, peak of spawnlng occurred 1n
December 1985 a1so. No rl pe or spent trout were found in
Nankoweap ln Decenber 1985. It appeared.that the peak of
epawnLng Ln Nankoweap occurred ln February 1985.

Flannelnouth eucker spawnlng generally occurred durlng
sprl.ng, although rlpe f teh lrere captured durlng mos t sea6ofls .

Rlpe ftsh trere colI-ected ln Parla and Llttle Colorado rlvers and
Shlnuno, Kanab, and Havasu creeks. A hlgh percentage (97.52 or
40 of 4l) of rlpe flannelnouth suckers were captured ln Parla
Rl.ver 1n February 1986 (TabLe 5.5)

Table 5.6 presentB the data colLected on spawnlng condition
for bluehead suckers. Theee data lndtcate the peak of spawnlng
for bluehead suckers waa varlable, but late sprlng and early
summer wgre the tlne franes where nost spawnlng occurredr Little
Co 10 rado Riv€ r r Kanab , and Shtnumo creeks are the three
trlbutarlee wher-e the naJorlty of bluehead sucker epawnlng
occurred. ,

Channel catfieh ln rlpe condltlon nere located ln the Ltttle
Colorado Rlver throughout the late spring and summer excePt Ln
August (tabte 5.7 ) . Thts lntroduced predator seems to reach
epawnlng condltlon, but recrultnent aeens ltntted.

The data collected pertainlng to subetrate composltLon t
lndtcate that ln moBt caoea the percentage of particlee lees than

-L24-
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Table 5.5 Reproductlve condltlon (R - rlpe, S - spent) of flannelnouth auckere- collected ln tributirlee trou igg4-86. l{unerators are the nunber of
,flah found 1a epannlng conditlo[.,' Denoolnatora ere the total nunber
sanpled.

Sanplfug
Perlod

Llrtle
Parla Colorado Shlnuuo ,, . Tapeate Kanab Eavaeu

Sprtng 1984 olL 0/108 olSL 017 olt62

Sumerl984 Ol3 Ol22 Ol38 Ol2 r/35 B 
,

lutuirr tgAO' OIL 0ll
Tlnter Lg84l85 Oll

Sprtng 1985 Lzlr20 n 8/213 R r/16 R 2/13 R

Sumer 1985 Ot3

Iflnter 1985/86 4Al4L R 317 R

0/30Sprlng 1986

Surnttrer 1986

LI24 R TIL R

l/185 R 3/39 R
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Table 5.7 ReproductLve condltlon (R - riper s - spent) of
channel catflsh collected from the Llttle
Colorado R:lver from 1984-86. r.'I{umeratorB are the

' nunber'of fleh found Ln sparnlng condltlon.
Denomlnators are the total number eanpled.

Sanpl,tng
perlod

Reproductlve
condltlon

1984 Autumn

1985 Sprtng
Sumner

1986 Sprtng
Surmner

TIL R

2/6 R

Lzl2S R

LIT R

315 R

-128-



3.4 nm (flnes) were generallY
adj acent areas ( fable 5.8 ) .
Clear r Brlght Angel r Shtnuno r

collected by llatt Kondolf
Environnental StudLes..

5.3. DISCUSSION

less in redds than
Redds lrere samPled
and Tapeats creeks.
as pa rt of the

they were the
1n Nankolfl€ €l P r

Samples were
Glen Canyon

Based upon the Eurveys conducted -as part of the Glen Canyon

Envlronmental Studles, the trLbutarles are lmportant 1n

nal.ntal-nlng the aquatLc resourcea of the colorado River. Both

the natlve and lntro'duced fleh specles use the trlbutarles, 8t
least Beasonally aa epawnLng and nursery areaso

one lmportant questlon revolveg around the seaaonal use of
these tributarles to, th-e contlnued survlval of any one of these

epecles. The hunpback chub 1s a specles that aPpears to rely
heavlly on the LlttLe CoLorado Rlver for Eucceesful spawnl'ng

sltes and as a staglng area (and nuraery area) for fteh prl'or to
entry lnto the natnchannel colorado Rlver. It appears that water

,temperature nay control trlbutary u8e by flsh. In Aprl1 1984

water tempetat'ure at the Lnterface of the Ltttle Colorado and

Colorado rlvers ltas 8.9oC, and l4.OoC J-ust uPstream from 
-the

confluence wlth the malnchannel, and l8.2oC 125 n uPBtream from

the conf Luenc€ . The upstream Llttr-e colorado Rlver water

tempefature on May 17;'f984 ltas 23.40C. By Septenber 7, 1984 1t

had dropped'to 2l.8oC and waa down to 9.60C on December 22,

1984. Ilumpback chubs ltere very abundant ln the Llttle Colorado

Rlver startlng ln sprl.ng when water temPereturea began to rlEe'
Both adults' and y-o-y fish contlnued to be present untl1
temperatures were reduc€d. In wlnter 1984-L985, when tlttle
Colorado Rlver water temperatures were cold, only a slngle
hunpback chub was captured ln the mouth of the Llttle Colorado

River.

The need for movement of hunpback chubs lnto the warmer

rrater to ftnd sul.table spawnlng condltlons Le supported by thle
and other etudles. The Hunpback Chub Recovery Plan (U'S' Fleh

and W1ld1tfe Service IgTg) lndlcates thrt water temPeratureB of

at least 18oC are requl.red before spawnlng occura' Hauman (1982)

reporred that egge deposlted at hlgher tenPeratures (2L-21t l)
requtred less tLne to lncubate than thoee depoelted at lower (12-

13oC) temperatures. More lnportantly, eurvlval was dtrdctly
Survlval rates ranged from 847" atrelated to water temperatuf€.

-L29-



Table 5.8. Partlcle elze composltlon
.

Colorado Rl,ver.

(Z) of Bpawnlng slti '

varloug - trlbutarles of the

SanpLe
site

Srlbstrate article sLze mn
.2-3. 3.5-15 15. 1-40 .l-100 100. l-180

Redd
A
B

c
D

E
F
G

H

I
J

AdJ acent
K
L
u
N

o
P:"a
R

T

3.1
L.4
4.9

14.1
3.5
1.3
1.0
4.9
2.3
2.3

1.6
3.4
1.0
4.7
7.9

' 8.4
1.9
6.8

10. 6
10. I

14.0
2.6
4.4

24.2
12.8
17.0
7.4

10. 0
8.5
9.1

20.0
L7 .7
2L.4
19.2
6.9

L3'.7
5.1

13. I
8.7
8.5

4l .3
18.0
29.0
23.4
20.6
25.7
22.8
11.7
6.8

38. 5
.

49.9
44.4
27 .7
27 .L
18.8
22.5
22.3
22.6
37 .7'
34.4

25.9
47 .r
31 .3
22.8
34.4
43.8
26.0
38. 6
20.0
16.0

L7.3 
:

25.9
28 ?7
2l .8
35.3
2L.4
,42.3

L7 .6
19.0
24.7

15.7
30, 9
30.4
15. 5
29 7

lL.2
42.8
34'9
22.4
34. I

LL.2
8.6

2L.2
27 .2
31. 1

34.0
28.4
39.2
24.0
22.3
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19-20oC downward to only l2Z at l2-l3oC. Thts wouLd at least
lrnply that nainchannel spawnlng would be severely llnlted by cold
water temperatures. Cold malnchannel tenperatureB may also be a

thernal'barrler ltntting the abl11ty of newly emergent chuba to
move lnto the Colorado Rlver. Berry (1986) examLned the effects
of cold ehock on larval equawflsh (Ptychgchellua luclue) and

found that ftsh subJected to a l5oC change ln 5 mlnutes suffered
stgnlfLcant mortallty. LarvaL flsh subJected to a 10oC decrease
exhlbt ted behavLoral changes . The dtfference ln temPerature
between the maLnchannel and Llttle Colorado Rlver ln ttay 1984 was

l3oC and that dtfference lncreased ln June. A Larval flsh would
not have to suffer Lnnedl.ate lmmortaltty but only lose lts
ablllty to maneuver to be lost from the populatlon.

Although the ltterature ls somewhat confllcting, a etudy at
the Bozeman Flsh Cultural' Development Center lndtcates that water
temperature changes of 6o C, wLthout tenperlng, reeulted Ln

mortaltty (U,S. FLsh and IJlldltfe Service 1979).

I{1th naLnchannel teoperatures 1n the range deecrLbed by
Ilamman (1982) aa lintting survlval for hunpback chub larvae, and

the potentlal for streaa resultlng fron mlgratlon to cold water'
it nay be Lnportant to malntaln htghr BUstalned flows during
hunpback chub spawnLng. ThLs would allow nalntenance of a nlxlng
zone and provide larval hunpback chubs wlth a thermal refuge. If
wldely fluctuatlng flows were to occur durLng the hunpback chub
spawnlng perlod, larval flsh would have to move as the locatlon
of the nlxing zone varled wlth river Btage. These fluctuatlons
would also reduce the ab!1lty of fish to eelect preferred
temperatureB aa dld fteh 1n a study deecrlbed by Cherry et a1.
(1977).

Archei et al . ( l9S5 ) f ound that spawnl.ng I'n the uPper
CoI-orado RLver at Black Rocks, Colorado occurred ln 1983 when

lrater temperatures ranged f rom lz-no c 11 late June. Fl ows

durlng this. tlne were htgh but on the decllnlng edge durlng the
etudy. In f984, the peak of spawning occurred ln July when the
Irater had a dally uaximun temperature range of 2l-23oC. These
t$ro perlods appear to be somewhat later than observed durlng thls
study, when the naJorlty of the y-o-y hunpback chubs were
captured tn spring I 985 and early summer 1986. Hanman ( 1982 )
found ln a hatchery sltuatlon that epawning ltas lnltlated Ln

early May with water tenperatures of 190C,
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, Based upo.n the results of ,this ?f'udy lend ,g!here , 
(Suttkue and

Clemmer 1977, Carothers et e1. 1981, and. Kaedlng and Zlnnernan
1983), 1t would appear that the r,rttle Colorado Rlver le the
locatlon where the .vaat naJorl!y-_ of. succeeeful huopback chub
spawnlng occurs o There 1s, howevl t, i,,,'Bome tndlcatlon that
s,pawnLng nay occur lu other trlbutarlep..;. ,5uttkug and Clenner
(1g77) lndtcqted that they f-ound.a-ti""'.;younS hunpback chubs Ln
ShLnuno Creek and concluded that Shlnuno C.reek ltaa a rnargl.nal
spawnLng eLte pr!.martly because of the creek-s small eLze. ThLs
concLusl.on was supported by, thie,srtudy.,.f,rhen rlpe hunpback chubs
were collected ln Shl.nuno Creek. ,,1 ,.

It. Ls questtoriable lf 'huinpbaik''r'dh'ub: spawnlng occurs Ln any
tributary other than Shlnumo Creek and Llttle Colorado RLver,
however, concentratLons adult hunpback chubs have been
observed Ln the mouth of Havasu Creek (Peter Warren per6; comm.
vetif Ied by photograph e1ldes ,,ly ,Il;' Maddux,, AGFD) . Immature f tsh
were also coLlected ln Reac.,tr, 1-0,'w"1,g1frn, b5 lr'r downstream, of Havaau
Creek. Although 1t Ls posslble,. that these y-o-y ftah nay have
drlf ted f rom the Lltt le :Col.orado"riRl.rlrsgr.'i''i ! may be that they were
produced ln the vlclnity of llavaeu Creek.

The importance of nalntalnlng thls nlxlng zone (acclLnatlon
area) at the mouth of the tr ttt1,e,1.Co1o,rado River ts uagnif ted fy
the fact that the vaet nal orlty of the aucceseful spawnlng
occurred thef €. Havlng a "sl.ngLe trlbutary where auccessful
spawnlng occurs lncreasee,the Ogfentlal to l-ose thte populatlon
to a slngle cataatrophe. The.potentlal for thts to occur reeults
from the large watershed aqd the wldg varlety of land ownerehip.

It would appear that lrater temperatures also dietate the
seaaons when ealuonlde are able to utlLLze tflbutarles. Cherry
et al. (Lg77) tndtcate that temperatures of 27oC approach or
exceed the t ethal llnlte for the three trout speciee found
throughout the study area. In addttlon, trout expoeed to hlgh
temperature (2L-24oC) water aought refuge Ln cooler water. Scott
and Crossman (1973) tnafcate that ralnbow trout are most
succeasful ln habltats with temperatureB of 2loC or sltghtly
lower. Durlug the three Fummer perlods of lhe etudy, trlbutary
nater tenperaturea frequently exceeded 24.OaC and occaslonalLy
exceeded 27..0oC. Tenperaturee Ln thia range would preclude trout
use of the tributarles.

The temperature regl.nes found ln the trlbutarles durlng the
wlnter perlod correspond to the ranges reported aB ldeal spawnlng
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tenperature6 for ralnbow trout (Scott and Crosauan 1973) r who

lndtcate preferred spawning teoperatureB of l0-l5oC. In Decenber
1984 temperatures measured ln most tributarles ranged from 10.0-
I 2.0() c.

llokanson et al., (1973) lndlcated the Preferfed tenperature
range for brook trout apawnlng naa somewhat lower than that for
raLnbow trout, wlth an upper median tolerance llrntt for a normal
hatch of 12.7oC) and an optlnun temPerature of approxl.nately
6 .0() c.

One of the factors that apPears to lnfluence use of the
trlbutaries by epawning flsh 1s mainchannel water levels. In
wLnter 1984, when flows were ctr-asstf1ed as belng hlgh/sustalned
(See Chapter ,3) I December wa6 the peak of trout spawnl'ng Ln moat
trlbutaries. In Nankoweap Creek , 98.92 of the ftsh nere
clasetfied aB belng rlpe or spent. Thls waa based on a sample of
90 adult ral.nbow captrrred. 

,

In December 1985, after the perlod wl.th the longeet
suetalned fLuctuatlng fLows that occurred ln the Etudyr ro adult
ralnbow trout were obeerved ln Nankoweap Creek. Durlng the river
trlp ln Decenber l985r it appeared the gravel bar forned by the
out.flow of Nankoweap Creek Lnposed a barrier to upstream movement,

by spawnlng adult ftsh. On the next trlp ln February 1986, fJ.ows

had returned to norual rateB (hlgh sustalned)r and the largest
number of epawnlng fish were obeerved when 345 of 365 ralnbow
trout were claeslfted as belng elther rlpe of sPent. It appearE

that ralnbow trout uslng Nankoweap Creek as a spawnlng area'can
adJust to ehort, delays Ln spawnlng. Al.though the sample slze was

anal1 for, the ,other trlbutarlee, 1t appeared that the peak of
ralnbow trout spawnlng occurred Ln the other tributarles durlng
December 1985 (Table 5.4).

Based upon vleual obeervatlons made durLng perlods of, low
f 1ow, 1t would aPPear that four maJ or trlbutarl'es would be

expected to be lsolated by sustained perlods of low flow. Theee

are : Parla Rlver, Nankoweap, Kanab, and Shl.numo creeks. It '

ehould be noted that diecharge rateB measured durlng thie study
(Table 3.3) apPear to be htgher than thoee oeasured durlng
prevlous etudlee (.U. S. Geological Survey 1953 , Johnson and

Sanderson 1968). During perlods of low dtscharge from
trlbutarlee, the effect of leolatlng thoee trlbutarlee durlng low
malnchannel flows would be magnlfled. lfe suggeBt that prolonged
perlods of sustalned fluctuating flowe would adversely effect
epawnlng Bucce88.
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'.,. l $evefal., etudies ,have , been conducted to evAluate the
trnf-ostqnce of .a high Percentage of flnes (Partlcles <'3'35 nn).'1n
cb,nt,roll"i..ng, .the quccess .,o,f trout. ,spa!t[l"tlgr tneludt4g. .8tudi.ee
conducted to evaluate the role of partlcles sLze play 1n

controlllng emergence. Koskl (1966) indlcated that there was 8n

lnvers-'Ci ielatlonship betweenr the perc:eat'of Fedlnerrts lees than
3.3 .un ' '',and r:survi.val ' :of Coho tty rr if rod 'egg 'deposltlon to
energence. He found that eggs developed normally to thE fty
6tage but ltere apparently unable to euerge from the gravel
because of entrapment by snall sl.ze sedluent.

?ht'l1lps et al. (tgiS) conducted laboratory experluents
where varlables euch as dlesolved oxygen and rate of water flow
were controlled, but the percent of ".iit.oaa 

smaller than 3.0 urm

waa varled between O and 7OZ of the total spawnlng substrate.
They also found that there waa an lnverse relatlonehlp between
percent survival and percent sedlment less than 3.0 [t[o When the
percent fLnes . ltaa 02, Bteelhead fry. survlval was 942, and when

f Lnes comprlse d .7 07", survlval was reduced ,to 18U. ,The greatest
rate of reduction cage when. percent flnes lncreased from 201 to
3OZ and eurvLval decreased- f ron 657" to 4OZ.

As lndicated ln thls study (table 5.8), none of the ll redde
eanpled exceeded 2OZ ln fLnea. Based upon these measurementst
the trlbutarlea assessed durlng thts etudy provLded good spawnlng
aubstrate ln at leaet a portl.on of the streambed. .It thould "be

iroted that a'etudy done by Adane'and Beschta'(1980) lndlcates
that'tenporaL'varlabtllty cah be ,eaused by occasLonal fluehlng of
sldfments ' as a' t:eeult ' of '' f loodlng incidente. As ', dLscussed
earlLer, ' thle study ap'pea'rB 'to have been conducted duf tng ; a

perlod wtth htgh trlbutary dLseharge that may have an lnfluence
on the sedlnent conpo'eltlon.

Natlve flsh uBe of Erlbutarles wes conceotrated ln three
trlbutarles: Parla Rlver, Llttle Colorado Rlver, and Kanab

Creek. Theee three are classified by f,aublln and Rtgby (1968) as

naJor trLbutarles typtfted by relatlvely low gradlente. Other
trLbutarles studied fe11 lnto the category descrlbed aa Eteep
gradlent r E€latlveJ-y straight streama. Wlth the exceptlon of
flood events, these streamE carry clear water. These trlbutarl'es
8re used extenslvely by ralnbow trout. Although there ltere
exceptl'ons to thle trend, durLng thle study, both natlve and

Lntroduced flah appeared to prefer dtetlnct trlbutary type8.
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It le posBlble thst the lncreaeed turbldity ln the three
naJor trlbutarles may contrlbute to thle use patt€tnr Gradall
and Swenson ( 1982 ) found that creek chube (Senotllue
atronaculatus) preferred hlghly turbid wate16. B rook t rout ,

whlle usl.ng thle type of water dld not prefer 1t. Thls may

functlon to separate habltats and reduce predatlon oR natlve
f tshes. Swenson ( f978 ) found that htgh turbldlty reducee
lnteraction between walleye (Stizostedlon vltreum), whieh prefer
turbld water, and Lake trout ( Salvellnue gnaycush ) , whl.ch avold
turbld areaa. In contrast, rainbow snelt (gsnerue nordax) ltere
made more available to walleye as a reeult of turbldlty, Based
upon these studies, a management 6trategy to enhance natl.ve ftsh
populatLons would lnclude mal.ntenance of large, turbid ntxlng
zoneB at the mouth of the maJor trlbutaries to parttally
Begregate predators from natlves and enhance the ablltty of flah
to take advantage of the moderated temperatureB. Flows that
would facllltate acceas to the trlbutarlee for trout spawning are
also Lmportant.
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I.{AIN CHANNEL FI SH REPRODU CTION

6r l. ,TBIHODS , ,1 , : ,.

.\]1:,..'::.].:].]'!..i:i''..j

Fish of ' reproductlve slze . were exanined for reproductlve
condi.tlon and elther tagged and release{ or sacrlftced for
gonads, vertebra, and stomachs. Gonads from sacrlf lced
lndlvl.duals were clagelf ted aa lmmature r maturlng,' mature t

runnlng rlpe, or spent (Cupta I975). Fish released ttere
classlfted aa running rlpe . (ganetes easlly expresged), EPent
(only resl.dual gametes renainlng ) , or unknown. Flsll examlned ln
the creel nere classlfied ae rLpe or Bpent based on the phyelcal
appearance and weight of the ovaries. Decause of, the short tine
between runnLng rlpe and epent, theqe stageE were conblned for
analyels except where noted. The ratlo of rLpe lndividuals to
adult fish (>250 &Dr except bluehead euckers, >l5O nn) classlfled
aa unknown wae used to eBtl.mate epawnlng eeaaon.

Female flsh not cleaned before belng checked at the cfeel-
statlon had thelr ovarteg removed and welghed to the neareat 0.1
g. The Gonosomatlc Index (GSI), expreseed as the percentage of
gonad welght to body welght, waB calculated for eaeh fl'sh.
Ovaries were labeled and preBerved Ln 102 fornalln. Three ova

subsamples fron each palr of ovarlee were counted and then
welghed uslng the gravlmetrlc lret aubeanple nethod (Bagenal and

Braum 1978). The mean welght per ovum was then dlvlded lnto the
toLal welght of the ovarl.es to estLmate potentLal fecundlty for
that fenale.

To better locate spawnlng areas, native fish larvae and

ralnbow trout fry were aanpled at lntervals along the entlre
rlver and plotted es catch Per unit effort by f6 kn rlver
sections. llalnchannel ralnbow trout spawnlng arees ltere located
by vleual observatlon when posstble. Sucker spawnLng areas ltere
ldenttfted by collectlon of rLpe adults and proxlnlty of larval-
ftsh. Amount of malnchannel epawnlng area lta8 not determlned.

6.2. RESULTS

Ralnbow Trout

Reaches l0 and 20 sholred differences Ln spawnlng Eeason

between Lg84l85 and 1985/86. In Reach 10, the peak ln number.of
ftsh sanpled ln reproductLve condltlon occurred ln wl.nter l984185

6.
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and decllned ln sprlng (Flgure 6.1). llowever, the followlng year

the peak waa 6ustalned lnto sprlng. In Reach 20, the peak

occurred Ln autumn lg84 and decllned through winter and aprlng.
The percentage of floh ln reproductlve condLtlon wae lower ln
autumn l9B5 than autumn 1984, even though wLnter and eprlng were

sinllar durlng the tlto yeara.

Reaches 30 and 40 had a peak of flsh 1o reproductlve
condltlon Ln wlnter of both spawning years ( ffgure _ 6. 1 ) .

Reproductlon contl.nued lnto sprlng, though at a 1oryer:leve1.

There waa no clear pattern Ln Reach 50 whlch had a peak ln
winter lg84l85 and another peak ln Eummer 1985. Fewer raLnbow

trout trere lcollected and e:iaml-ned ln'Reach 50 than ln any other
rgach. .: : : ,i,.1't,,.''f,.;,.1,.'...i .,,t' '''.:

Creeled flsh ln Reach ' l0 (Lee-s ',trerrY). Provlded more

extenslve data baee flor ..i exaElnatlon of the reproductive
pattern. For 1984 185, fish either Dature or runnLng rlpe peaked

ln abtumn at 15. lU, wh1le sPent fteh represented onl'y l ' lZ
(Ff Efu're 6.2). Durlng rthe ensulng wlnter :and' "sprlng' epent

lndlvlduals exceeded rlpb fleh. In 19851A0' rlpe' 'fleh exceeded

Bpent ftsh ln autumn and wlnter. It waB not untll sprlng 
::::

the number of Bpent flsh ( 8. 5Z ) was greater than rlpe flsh
(6.22) .

The Gonoaomatlc Index (CSr) for rlpe and spent fleh varled
11trLe between year6 (Flgure 6?3). In.,both years 9tt peaked 1"
wLnter at ar,ound l5Z. Spent female-s GSI decreased through the
'"p.rrriog 

""tiOn' "" reeldual ova were reaOrbedr, and ovarles
:. . I

decreased 'ln etze. ' r' 
,

Mean estlnated fecundlty for lg84l85 ltaa 3rL64 ovalfemale
wlth a range of I,386-5r430 ovalfema1e. FecundLty ln L985186

ranged fron I r334-6 rL7 4 ovalfemale (]y.-2'819 ova/fenale).

Ralnbow trout fry were collected from above'Lee'8 Ferry
(tnterval l), to .Interval 2l (Flgure 6.4). Hlgheet CPUE for
rainbow fry. occurred above Lee-s Ferry. Other peaks ln CPUE

occurred at IntervaL 4r 5, ll, L2,16, and 18. Hlgh deneltles tl
reachee, 10 and 20 were not asaoclated wlth tfibutar{es and

represent ualnchannel spawnlng. Concentratl'one tn reaches 30 and

4O were 1n close pro*lnlty to trlbutary 8tre8ltr8. Few'fry were

collected Ln. Reach 50, whlch has no trlbutary Etreams.
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a:tetracycllne dyenark (See Chaptet 7). Of fteh collected from

creel and electroflshlng surveyB ' 3IZ ttere negatlve for the
dyernark. Thls number nas adJusted for the percentage of fleh
stocked that tested posltlve for the dye. A total of 177 fleh
were examLned prlor to stocking and 157 were posltLve. The 3fZ
natural reproductlon flgure nas adJueted by a 88,.72 tlgure for
dyed fish entering the flshery. Therefore ' our estlmate of
natural reproductLon ln Reach l0 nae adJusted to 27.52. It Ls

lnportant to note that thls represents rerproduct{on and

recruitment durlng steady flows.
,i.t1

Brook and Brown trout

Brook trout'.1n reproducclve condlt{on were collected ln
winter and aprlngr,,'but, the greateBt Percentage (9..12) occurred ln
the wLnter 1985/86. .,i'.' Brown 'troqt were:',' eiullar 'wlth hlghest
percentage ;of '''f lshi:tn tepiloductlve condl.tlon occuiring durlng the
rvlnter of lg84l85 and 1985 186),at''1.82 and 3.42' reBpectlvely
(Flgure 6.5). No brook trout and only. one brown trout fry were

collected Ln the malnchannel.

'I

Common Carp

In l r88l common carp exanlned ' expreselbLe gameteB were

detected 1n only eight (0.42). Seven males ln reproductlve
condl.tlon were collected Ln February 1985, from Reach 20. One

other flsh ln, reproductlve condltlon ltas caught Xn Decenber 1985,

also from Reach 20.

, Seven y-o-y catp were collected ln Reach'50 (two from a deep

lsolated backwater). The renainlng y-o-y-,carp were C'ollected Ln

reaches 30 and 40.

Fathead MLnnow
fatfreaa mlnnow were not examlned for reproductlve condltlon,

but dletrlbutlon of lndlvlduale <25 mm glves an tndlcatlon of
epawnlng locatlon, lloet fathead nlnnowe <25 mm were collected
from lower reacheg of the rl.ver (Flgure 6.4). The only excePtlon
Iraa the area lumedlately below the L1ttle Colorado Rlver '
Hlgheet CPUE of fathead uinnow (25 un occurred between RU 184 and

RM 2O4. Theee hlgh deneltles lrere generally ln or adJacent to
bbckwaters.
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Sucke r s

'i' tlBluehead eucker were f ouir:d ln reproductlve conditlon ln the
mainchannel durlng May f985 and 1986. Three of four flsh caught
lrnnediately beloq Natlonal Canyon (nU 166.5) were:runnlng rLpe.
AI-1 bluehead sriekers caught ln the malnchannel Ln reproductlve
condltlon were from reaches 40 and 50. I

.:. 
i

Two dead bluehead sucker larvae were selned fron above Lee-s
Ferry. The ffrit llve larvae were colLected lnnediately below
the Llttle Colorado Rlver (Ftgure 6.5). Other areaa with peaks
Ln CPUE were ,IntervaL 17 below Shl.nuno Creek; .Interval 19 below
Kanab Creek, and Interval 20 below Natlonal Canyon.

Flannelnoutb' suckere were found ln reproductlve',condltlon
throughout the,study perlod except durlng autumn,(Flgure 6.7)'
From winter lg84l85 to sprLng 1985 the percentage of flsh ln
reproductlve coriditi.on-!.ncreaeed -f rou 5.9U to 15.82. The hlghest
peak ( 30 . 4Z) occurred ln sprtng I 98 6 . Although ftsh ln
reproductLve condltlon caue from all malnstream habttatF, the
greatest concentratlon were collected Ln cO{rnected backwat€!8e

Flannelnouth sucker <25 mm were collected from reachee 40

and 5O (Ftgure 5.6). Illghest CPUE occurred ln Interval I9.
Other peaks Ln CPUE ltere aaaocLated wlth Intervale 14, 18, 21,
and 23.

Humpback Chub

No adult humpback chub ln
few y-o-y were captured ln the
<50 mm rrere collected from flve
Colorado Rlv€rr ln Interval 9.
and RM L74 ln Interval 19.

jl

reproductLve conditton and verY
malnchannel ( f lguie 6.5 ),. Chub

rLver lntervals , below the Ltt t le
Highe st CPUE was between RU 164

Speckled Dace

Speckled dace were not exanlned for reproductlve
condLtl.on. The oost upstreaa nal.nchannel locatlon where dace <25
mm rtere collected occurred at RM 6.5 above Lee' e Ferry. No

effort data were recorded, therefore thls sample 1s not
repreeented'in Flgure 6.15. The flrat down rlver locatlon where
dace were captured waB near Nankoweap Creek - ( Flgure 6.6 ) '
Illghest CPUE fbr, dace <25 mm (400.0 fteh/100 t2) was reported
from Rll L34-144 (Interval l6). Other peake occurred between
Interval l9 (St+ fishltOO 12) and Interval 20 (76.I fleh/tOO t2).
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6.3 DISCUSSION

RaLnbow Trout

.Trout repr:oduc'tlon 'be'low deep releage weBtern reservol16 hae

been suspe4tedl but not verlfledl prlor to thls etudy. (Glen
CanyonD8m,Pe9eg.18et.].'1.r985;-r11n1
Brayton, pers. .coum;;, l{avaJo Dam, Jack Ke1ly' pers' coD[') '
Rainbow trout .that 

"have , become ee tabLlehed since the closure of
Glen Canyon Dam (Stone and Rathbun 1968) utILIze the malnchannel
for spawning (See Chapter 5). Tallwater temPeratures are near

the reported optl.mun ( 10.0-l5.5oC) f or spawning .by ralnbow trout
( scott and cioEinan : i'97 j'j'.

Varl.atiin ,.ln . nater f low hae been ehosn to af f ect trout
spawnlng , tgua"r,9on.,,. :qd, Nehrlng 1985) r and may have been

respon3tble for the tenporal ehift ln reproductl've activlty
observed durLng thts 8tudY. Flows durtng winter 84 / as were

eteady and -4alo.i,"-1o.,9 . 
trout acceas. to spawnlng bare. llowever t

f low durlng .wlnt9f ,,Si/p,p,, f luctuated on a datly basls ( See Sec'tlon
C). Theee.dafiy fluctuatlone made gravel bare less acceselble
for spawnl,ng. Deeper gravel bars were less affected by

f luctuatlone; ,'i'h,Ou$ . tuat€r velocitiee over the redde may have

varl.ed. " I{he-h, .rfl'u,b:ttiCtf'ons. ceased ln eprlng and barB were agal'n
lnurrdated, ,spawnlng fleh and 'reddB were obeerved' Flehlng guldes

at Lee-s Ferry observed thle aane pattern (Oale Whltnore and

Terry Gunn, pera. co[D.).

Thle tenpotal :,'S,ble t l'wae evLdenced by the creel f rom Reach

10, where moat ftsh were in reproductlve conditlon durlng wlnter
g4185, but not.untl,l,bprlng 1986. Though reproductLon ln ralnbow
trout appears'to have 'been affected by flow' gamete vlabl1tty and

aucceBs of ,the spawn were not measured. Fteh reeorb ova when

condltlons ar,e unf avorable f or spawnl.ng (Kukuradez 1968, Ilokaneon
Lg17), whlch can dlsrupt future oocyte development and lnhlbit
epawnlng the followlng year. Therefore, reBtrlcted epawnlng due

to prolonged :pertodB of fluctuatl.ng flows could affeet trout
spawnlng for more than one year.

Fecundlty for ralnbow trout ln the Glen Canyon tallwater ltaa

slnllar to that reported for domeetlcated trout (Lettrl'tz and

Lewis 1980, Moyle 1976) and to that rePorted t'n Grand Canyon

(936-2994 ovalfenale, Carothers er al. 1981). There waa 11ttle
dlfference ln fecundlty between year8, and flows aPParently had

no direct effect.
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Reachee below Lee-s Ferry eeemed lbss dlerupted by changee
ln f low. Spawnlng occurred ln wlnter for all'othet reaches
except 50. Reach 50 had few fleh ln reproductlve condltlon, and
f ew f ry were collected. If malnchannel spawnl.ng occuf r'ed r lt wae

llutted. ,- :"Sry denelty ln , three of f our .,reaches ,appeared reLated
to:proxl.n1tyto'tr1butarygtream8...:].

:. Our'observatLone were that ln Reach l0 ralnbowe utl.llze
avalLab.le',epawnlng gravele, but eultable eites are llnlted. Wlth
occaaional spl1lway releasee as seen ta 1983 and 1984, epawnlng
gravels uay be deereaelng ln quantlty and quall.ty.

Brown Trout and ,Brook Trout , ', , 
.

: Most, brown trout were coLlecte'd ,f.oot Reach- 3O_ and were of a

sLze reported by Carlander (1969) and Taube (1976) as Dature.
Only one brown trout fry waa collected ln the malnchannel (Reach
40). ,Brgwn t.rout prefer. falrly shallow areas wtth flne gravels
for spawnlng (SUfrvell aira bungey t1983). The goige environment
where nost .of the brown trout'werC collected cont'a'lned -very 

f,ew

shalLow water areas , and no apawnl.ng gravels ltere obeerved.

'Biown trout may reach
maLnchanne l- and then move lnt o

'spawn (Mlnekl,ey 1978). ThoBe
probably a product of trlbutary

reproductLve condttton Ln the
Brlght Angel and Phantom creeks to
f 1 sh f ound ln the malnchannel are

s pawn Lng .

It appears that brook trout numbere are maintalned , onl7
through etocklng. ThLg epecies waa observed over gravel bars ln
eatly ati3unnrr.and indlvLduale'reached,reproductlve condltlon, but
rto fry .were collected ln 'the ma'Lnchanr€1. Hale (,1 970) found
brook trout" spawned Ln the' laboratory, at temperature8 between
6.7-g.4oC. Hokanson et a1. ( 1973) fdund the optlmun hatchlng
temperature waa 6. Oo C and that at " l I .7o C, 50Z ,,of ,a11 egBa were
nonviable. They concluded that a uean water temperature below
9.0oC is requlred to optlnl.ze spawnlng actlvtty, gamete
vlablll'ty, and eubsequent enrbryo survlval. ManselL (t966)
reported spawnlng occurrlng ,ln rater between 6.7-8.9oC. Becauge

Ju'uenlle brook trout, though fer ln number r were collected
throughout the study lt may be that llrnlted natural reproductlon
and recrultment are occurrlng. t{hether I,uccese f u1 epawnlng 1e

occurrlng ln the trlbutarles or mainchannel ls unknown.
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Other Introduced Specles

MalnchanneL reproductlon by common carp and fathead mlnnow
appears to occur only ln backwatefs r The reproductlon seems to
be 11n1ted by water tenperature. Carp spann at teuperatureB
between 18.5-23.OoC (Shlelde 1957, Slgler 1958, Mauck and
Summerfelt 197L, Jester 1974). Swee and l'lcCrlmmon (t966)
reported that spawnlng ceaeed at tenperatures below 160C. Thus,
malnchannel spawnlng ls undoubtedly lnhtblted by coLd water
temperatures, and thls actlvlty 1s reBtrlcted to warmer connected
and isolated backwaters.

Fathead mLnnow Bpawn ln temperatures elnllar ta c8tp.
Carlander (1969) reported that spawnlng beglne when tenperature6
reach I 60 c. Most age 0 fteh were collected ln connected and
lsolated backwaters. Fathead mlnnow are fractlonal BpawnerB and
have been qhown to gpalrn L6-26 tlnes over a three month perlod
(Gale and Buynak 1982). Thte condition allowe fathead mlnnowe to
spawn qulckly when temperatureB ln backwatere becone sultable,
and lncreases thelr chancee for reproductive Bucceaa when
envlronmental condltlons change on a dally baels. Betng a

fractLonal spalrner nay account for the abundance wlthln lower
reaches of the study area.

Natlve Flshes

Flehee endemLc to the Colorado Rlver evolved ln a system
wlth wlde seasonal fluctuatlons ln water temperature and volume
(McDonald and Dotson 1960). The Glen Canyon Dam tallttater has
changed from a reach with eeasonal fluctuatlons Ln water
temperature of L-27o C prlor to lmpoundnent to a relatlvely
constant 100c. The extent of ual.nchannel reproductLon that
exlsted prlor to lnpoundnent Ln L953 lras never documented. In
the preEent systeil, nalnchannel reproductlon appeare llnlted.
The nalnchannel, however, aerveB aB an lnportent nursery and
rearl.,ng area for natlve ftehes epawned ln both trlbutariee and
nainchannel. The area between RM f54 and RU 184 contalned the
higheet dens lt les of larval
esPect ally lmPortant.

and y-o-y ftshes

Bluehead eucket le a natlve flsh Bpecles that uaeB

trlbutarles and the nalnchannel for epawnlng and nursery 8reaE.
Spawnlng occura 1n water temperatureB between l3-l8oC (utnckley
1978). , Malnchannel teDperatures ln lower reachee are withln thls
range. Trlbutary temperaturee durLng the spawnLng 8ea8on are
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ltarmer and more closely approxl.mate ldeal epawnlng tenperatures
(See Chapter 4r. Larval guckers were colLected above and below
the ParLa Riv€r. Thelr presence above thls ftrs t trlbut ary
EuggestB that ova develop and hatch Ln thi.e area. However, both
larvae collected were dead and, therefore, recrultment of larvae
epawned ln the cold tallwater le questlonable. 

,

The malnchannel at NatLonal Canyon (RM 166.5 ) was a

colLectlon slte for both adult and larval suckers. Larvae were
located ln shallow nater flowlng over a cobble bar. Had water
levels fluctuated durl.ng thts perlod theee larvae would have been
stranded or displaced.

' Most other collectlons of larval bluehead sucker rtere near
trLbutary stream8 in which reproductlon occurs. Turbtdlty l.n
maLnchannel waters often reduced our abtllty to locate other
nalnchannel- spawnlng sLtes, whlch undoubtedly exLat. Present
data are lnsufflclent to deternl.ne t-he contrlbutLon recrultment
from malnchannel spawning has to t.he populatlon.

Flannelnouth sucker Bpalrn Ln trater tenperatures from 6-23oC
(Mtnckley and Bllnn L97 6, McAda 1977, Carothers et a1. I 981 ) .
McAda and l{ydoskt (19S5) found: rlpe malee from early April
through Jurle and rLpe fenales durlng.May and June Ln the upper
Colorado Riv€rr Flannelnouth euc$ere Ln rLpe conditlon were
collected throughout the yeer fron the etudy area, though the
pe ak ln reproductlve eondttion occurred ln sprlrg.
Concentratione of ftsh ln reproductlvg condltton were 'often found
at the mouths of tributarl.ee and i.n connegted backwaters.

Even though flanneluouth euckere ln reproductive condltLon
were found ln all reaches, larvae were collected only ln reaches
4O and 50. Mainchannel reproductlon could not be verl.fted durlng
this Btudy, but 1t appeers to occur ln backwatere ln both upper
and lower reaches.

Hunpback chub ln the Grand Canyon spalrn between March and
June ln lrater tenperatures of l6-20oC (Suttkus and Clemmer 1977,
Carothers et al. 1981, Minckley et al. 1981, Kaedlng and
Zimmerman 1983). Malnchannel telnperatures near lloc .obeerved
during thie etudy rnay be 1etha1 to hunpback chub ovBr When ova
were Lncubated at 12-l30C, l2Z hatched and onLy l5Z of those
survlved to become feedlng larvae (Hanrnan 1982). Bulkley et a1.
(1981) l.ncubated ova at 2OoC and had IOOZ hatehlng. Malnchannel
tenperatures may not be narm enough to even lnltlate epawnlng.
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If spawnl.ng nere to occur r egg 8nd larval mortaltty would greatly
dlnlnlsh any chance for recrultment. No spawnlng sltes or larval
hunpback chub lrere found ln the malnchannel. Y-o-y chubs were
coll-ected ln lower reachee of the rlver, however, euggestlng that
spawnlng areaa other than the Llt t le CoLorado Rlver may be

PreEent.

Speckled dace fry ltere captured above Lee's Ferry and Ln
Reach 50 Ln lsolated and connected backwaters. Spawnlng has
been reported to occur between 17-23oC ln trlbutarLes of the
Colorado RLver (Carothers et a1. 1981). These temperatures,
though not aval.labLe ln the mainchannel, Itere present ln
backwatere where reproductlon probably occurred.

CONCLUSIONS

RaLnbow trout appear to have reacted to flow condl.tLons
durlng the epawnlng season as spawnl.ng Ln 1985/85 ltas later than
that obse-rved the prevlous year. Once flovs returned to a hlgh
eteady condition Ln 1986, trout.moved onto cobble bare to sPartn.

Natlve flshes ln the nainchannel spawned durlng perl.ods of
steady flows. Bluehead suckers that spawn on shallow gravel bars
would have been affected by fluctuatl.ng flows. No one has
studled the effecte of dewatering on bluehead ovao

Specles that utlllze warmer backwatere for spawnlng could be
affected by dewaterlng and deslccatlon durlng perlods of low
f1ows. BackltaterB that become 1solated, rtarm, and then are
reconnected to the maLnchannel may benefit species that respond
qulckly to warmer water and reproduce.
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7. }IOV EI-IENT

7.1. ,UETHODS

uovenent data were collected for three natlve epeclee
(bluehead gucker, flannelnouth suckerr End hunpback chub) and

four introduced apeclea (ralnbow trout, brown trout, brook trout'
and,earp) by nark-.recapture nethods. Movement was.claselfied as

uPstream, downs t ream, trlbutar y I nalnchannel exchailS€,
tributarylttfbutary exchang€r or norr€r Ftsh tagged and

reeap!ur9d ln the same trlbutary . were classifled as 'wlthln
trlbutary uovement, although tagglng and recapture often occurred
Ln different years. : Movement betweea malnstreaD reaghee waa aleo
examlned. ,,DlBt&nces between capture and recapture rePreEent the
mlni.mum dlstanceB lndlvlduals could have moved. , Ife recognlze
that local movements ((1.6 ku) uay have been artifacte of our
recordlng cyctem for capture-recapture locatlons (See Chapter 4)
and, thus, claselfled them as no movement. In order to exclude
tndlvlduals carrled downetrean after taggtngr saue and next day
recaptures were ellnlnated frou the calculatlone. .

Ftsh were captured us lng
4. floy and Carlln dangl,er tags
7.1) and tetracycllne dye were
total length, wetght, and Rlver
for each fLsh.

technlques dlscussed in Chapter
(Appendlx 7.1), fln c1lPe (Table

u'Eed to mark f Lsh. , Tag numb€r r

lttle where released were recorded

,Reiapture lnf ormattr on was obtal.ned: on 'eubsequent sanpllug
tr1p8 or from anglere. Date, locatlon, length, weight, and tag
nunber were recorded for recaptured flsh. Angler Lnfornatlon was

often lnconplete and few of these recorde could be used.

TetracyclLne dye marks were ueed to monltor dLspersal of
stocked ftngerllng ralnbow trout. Tetracycllne adnlnlstered ln
the food produces a yellow-green fluorescent band ln bone t188ue
when vlewed under an ultravLolet 1lght (I{eber and Rldgeway
Lg62). " llatchery rainbow trout were fed a narklng dlet (4 g

acrlve retrecycllnelZZO kg ftsh/d"y) ln commercial fleh food for
l0 daye prior to Btocklng. Fl.sh were sanpled prlor to release to
verlfy the presence of the dye mark.

Ralnbow trout werb colleeted for dye mark examinatlon durlng
Lee-e Ferry creel surveys and by electroflshlng throughout the
fLve rlver reaches. Several anterLor vertebrae were removed,
Btored ln 7OZ ethanol, cleaned and then examlned under an
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Table 7.1. Fln ellp codes used by reach, 1984-86.

Locatton
River

Reach ntle Tag

Leere trerry to Glen Canyon Dao t0 f6-0 R.tght Pelvlc & Adlpoae

Leere Ferry to Llttle Coloredo Rlver 20 0-61.5 Left Pelvlc & Adlpooe

Llttle Colorado Rlver to Brlght Angel Creek 30 51.5-87.5 Left Pelvlc

Brlght Angel Creek to tratlonal Canyon 40 87.5-166.5 Rlght Pelvlc

NatLonal Canyon to Diaaond Creek 50 166.5-225 Left Pectoral
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trltt'dvlolet llght. Samples,,,twere co,ded pos1tlve, negatlve or
undeterulned for the dye uark..-. ... .

: Oo Septembe r 24, 1985, 'g4t tagged adult ralnbow trout, f ron
Caayon .Creek Hatchery were released at Rlver Ulle 7.5 ln Reach l0
to deternine dl.spers.a1. llean total length of theee f leh was 377

nF- ( SD-18) and nean welght tras 652 g ( sD-71 .

7.2. RBSULTS

Movement

From Aprll 10, 1984 to June 2, 1986 , lh ,760 fteh ( f0
'epecLee) oete taggied (Table 7 .2); A -total of -9{r9 'f teh ' (seven
epecles ) was recaptured, lncludlng 29 hunpback chub tagged durl.ng
prevloue etudles. One hundred and ten fleh rere recaptured the
same oT ,next day and were ellml.nated f rom the tag-recaPture
analysls. 

i

'The naJorlty of tagged (652) aud recaptured (75f,> fleh rlere
ral.nbow trout. The nunber of recaptures for the reualnlng elx
species varied from one to 7L.

Forty-four percent of recaptured flshes exhlbited downstreen
move[ent, 222 upstream movemeot, and l7Z no movement. Slx of the
Beven specles moved between trlbutarles and malachannel.
Trtbutary/ualnchannel exchange conprleed lO.lZ of uovement and
acroae reach movement accounted for 9.82. .

Tag-recapture

Ralnbow trout

A total of g r642 ralnbow trout were tagged of whlch 641
(6.62) were trecaptured (Tab1e 7,2r. Uovement ()t.5 kn) artay from
release eitea waB observed for 58.12 of recaptures (Table 7.3).
Dietance moved ranged from 0.2 kn to 152.0 kn (I-7.1, SD'16.4),
whlch lncluded 22 long dlstance upstream Dovements ()50 kn).
llore lndlvlduale moved downetream (43;61) than upstream (25.27.)
(Ftgure 7.1). Thls epecles exhlbtted the htgheet mean datly
movement rate of 0.2 kn/day (sD-1.6).

Most trlbutary/nalnchannel recaptures of ralabow trout
occurred durlng the wlnter epawnlng seaaon and lnvolved seven of
the t I trlbutaries. Alt. recapturea of lndtvlduals i.n the sane
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Table 7 .2. Number of f lsh
recaptured for

tagged, number
each specles,

recaptured, and Percent
by reachr l984-1986.

Percent $
recapturedSpecLesa Reaches

Number
tagged

Number
recaptured

RBT
BKT
CRP

FUS
BHS

RBT

BKT
BRT
CRP

FI'IS

BHS

HBC

RBT
BRT
CRP

FMS

BITS

HBC

RBT

BRT
CRP

FI.IS

BI{S
TIBC

RBT

BRT
CRP

FMS

BHS

IIBC

10-11

20-22

30r31

4A-46

50

All

27 8r
105

57
742

9

3624
55

4
137
480

38
1000

434
170

85
35
11
I

2568
116
884
341
162

7

234
2

530
109

23
I

169
9
I

39
0

2L5
8
0
I

24
0

4lb

39
10

0
3
0
0

207
9

42
3
I
0

6.0
8.5
1.8
5.3

0

5.9
14. 5

0
0.7
5.0

0
L.2

9.0
5.9

0
8.6

0
Q

8.1
7.8
4.8
0.9
0.6

0

4.7
0

1.3
1.8

0
0

11

0
7

2

0
0

RBT

BKT
BRT
CRP

FI.{S

BHS

IIBC
Total s

964 1

160
292

1694
L7 A7

243
I 009ffi

641
L7
19

51
7L
I

4lb
E6T

5.6
10. 2
6.5
2.9
4.2
0.4
L.2

ffi

a
b

See Table 4.2 f or abbrevlatLons .
Incl. 29 tagged durtng prevlous studle6.
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Table 7.3. Nuober of flch tecaptured, percetrt loved, and ueen dlstaaee noved, by
epeciec, 1984-1986.

Ralnbos Biook --. Er Comon Flannelnouth llung
Klloneters trout trout trout carp eucker chut

0

0.2-l . 5

I .6-3. I

145 I 6 1l 12

g23l 2

1r9 4 6 I 9

3.2-6.384435L2
6.4-12.7 53 3 .,O 1l l0

!2.8-25.629OI2 l05
225.7-5t.3 2t 0 .. 0 4

51.4-102.8 20

loz.9-205.8 z o 'i o o

00002205.9-412.O

i dlstance uoved (kn) 7.L 3.4 9.0 10.6 16.9 0.
sD L6.4 3. | 27.8 . 12.1 43.6 l.

i dlstance noved/day (ku) O.2l 0.06 ,0.03 0.06 0.18 0.
SD 1.6 0.2 ; 0.8 0.2 0.6

Nunber 565 . tS 19 45 56 4

Percent Moved (>1.6 krn) 58.1 73.3 63.2 7l.l 75.0 4.
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RAINBOW TROUT
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BROWN TROUT
N'= 19
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MOvEMENT
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N:*1

lt ?-u L-t
UOVEMENT

tr
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E
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n

E'o
E'o
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60
E
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Ft ao
I
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I
Eoo
F*

BROOK TROUT
N:15

L ?-ra I-T
},S/EMENT

FTSNNELMOUTH SUCKER
N-7 1

x T-ra r.l
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x
r50
F'o
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OU

Flgure 7.1. RelatLon of caPture to tag'glng locatlon for
rainbow trout, brown trout, brook trout, carpi
flannelnouth eucker, and hunpbaek chub from
the Colorado River aad trlbutartee 1984-86'
D=downgtreau, U-upeirean, N=none, T-M-trlbutary
to maLnchannel, M-T-nafnehannel to trI'butaryi
T-T=trlbutary to trlbutary, WIT=wlthtn
tributary
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trlbutary nhere they lrere tagged occurred durlng wlnter. 0n1y
one trlbutary to tributary Dovenent na6 obierved; a raLnbow trout
waa tagged ln ShLnuno Creek ln December 1985 and recaptured two
Donths later ln Nankoweap.

Movement from downstream reachee lnto the Lee-e Ferry area
represented 4.72 of Reach l0 receptures. Seven ralnbow trout
moved from Reach 20 lnto Reach 10, and one moved fron Reach 40
lnto Reach 10. In contrast, only L.4l of the fteh recaptured 1n
Reach 20 were tagged Ln Reach 10.

Brook t rout , Brown trout , common carp

The other three Lntroduced epecles made up 14.62 of the
total tagged and, 9.92 of the recaptures (Table 7 .2r. All
recaptured brook trout nere Ln reachee t0 and 20. Brook trout
had the higheet recapture rate (1O.21) and one of the hlgheat
percentage of lndtvtduals that moved (73.32r. Thts speclee was
seLdom captured Ln trlbutaries and, therefore, movement involvlng
trlbutarlee rras not evaluated. Llkewlse, only few trout or carp
were tagged or recaptured ln trlbutarles. However, carp
exhtblted the hlghest percentage of downetreaD movement of all
recaptured specles (71.72) (tr'lgure 7.1).

Flannelmouth sucker, Bluehead eucker, Hunpback chub

Native flshes made up 20 . L?l of t agged and 13 .47. of
recaptured flsh (table 7.2). Over half of the tagged natlve ftsh
were flannelnouth eucker. Most flannelnouth sucker (83.12) moved
altay f rom capture eltes; , those that dld not lrere recaptured ln
the Eame trlbutarlee where they were tagged. We observed several
long range movements to the Ltttle Colorado Rlver. Two
flannelnouth sucker moved 212.5 kn (ZZ nonthe) and 236.7 kn (stx
nonths) upstream fron Reach 50, and one Doved downstream 93.4 kn
(one month). Bluehead eucker nade up only 0. lZ of the total
number of fieh tagged; therefore, movement lraa not addressed.

A11 recaptured hunpback chub lrere taken from the Llttle
Colorado Rlver durlng the epawnlng season tn late spring to early
Bummer. Slx had moved frou capture eltes ln reache e 20 and 3O

lnto the Llttle Colorado River, novlng O.2 to lO.0 kn (*-0.5
SD-1.8).
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Canyon Creek Hatchery Ralnbow trout

A total of 86 (g.lZ) Canyon Creek Hatchery ralnbow trout
were recaptured from SepteEber 1985 unt1l May 1986 (Table 7.4).
Mean nunber of days between stoeklng and date of recapture wae 58
(SD-48.7). Twenty Beven percent were recaptured at the releaee
site, 432 noved downstrean, includtng one to Brtght Angel Creek,
and 292 moved upstream. Mean datly moveoent rate was 0.1 kn/day
(SD-0.3).

Dye Mark

A total of 397,876 tetracyclLne marked ralnbow trout lrere
stocked at Lee's Ferry between October 1983 and Aprtl 1986 (Table
7.5). l,lean length nas 125 Dm (Sn-75.0).

A total of I,566 ral.nbow trout lrere exaulned f or dye
marks. The percentage of marked lndivl.duals decll.ned
dramattcally below Reach 10, and no lndlviduals examlned for
marks Ln Reach 50 were dyed (Figure 7.2). A11 dye narked flsh
beLow Reach 2O were collected from trlbutarles (Appendtx 7.2).

The occurrence of natural reproductlon Ln Reach l0 wae
confirned by the presence of fry wlthout dye marks (See Chapter
6). All flsh sanpled ln the 50-100 rrn el,ze class (N-12) did not
exhiblt a mark. For all slze claeBeB, 3gZ of the eanpled fleh
were not dyed.

Fln Cltps

All captured flsh were marked wlth a fin cl.lp unLque to the
capture reach. Approxl.nately l5rOOO flsh were marked wlth a ftn
cltp , only and l-ea e than tZ of recapt'ures were f ln . cllp
recaptut€8 o

7.3. DISCUSSION
I

Tag-r€capture : Int roduced Specles

Paet EtudleB on trout Dovement have provlded varlable
reeults. Cargtll ( 1980) observed 11ttle upBtream or downetream
movement from 470 wild ralnbow trout ln Valley Creek,
Mlnneaota. Other epecles have alao been ehown to be eedentary,
renalnlng wlthln 0.8 kn of releaee (Brown t96l). In contrast
BJornn (1971) reported upstrean movement by Juvenlle ealmon and
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Table 7 .4. Recapture daia
ral nbow t rout
Sepretrber l9g5

of Canyon Creek Hatchery
re 1e ag ed ln Gl en Canyort r
- t{ay 1985.

TagF ed
Nunbe r

, ., . ' Reqgltuled" 
.Humber Percent

Total

Mov eme n t
Upstream
Dosnstream
None
To t rl but ary

Mean dtstance moved
llean dlstance uoved

943

per I day:
per lttsh:

86

25
37
23
I

0.1 kn lday
5.2 kn

9.1

29.l
43.0
26.V

(SnaQ.3)
(su-17.7)
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Table 7.5. Stocklng numbere and dates of
oxytetracycltn€-marked ralnbow trout at
Lee I g FerrY.

Stocklng
dat e

Numb e r
St o cked

I{e an
length (nn)

10/83

61 84

81 84

el84

2l 8s

31 85

7 l8s

elss

10/8s

4l S6

98,583

24 1952

53 ,000

5o,000

l9,84ll

6o, 168

30 r 000

2 rl90a

53.180

-

39 6 ,87 6

r14

102

76

76

r78

175

76

76

305

76

x'' L25

Includes Canyon Creek Hatchery ral,nbow trout
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trout occurred durlng Bumner, and downstrean movement of all age
classes occurred malnly durlng epring and autumn. ApproxLmately
307" of the recaptured Gl1a trout ln the Gl1a Nat lonal Fores.t , New

l"lexico, were sedentary. Seventy-flve percent of these rrere
wlthln 0.1 kn of thelr orlglnal capture site (Rinne 1982).

Although a naJorlty of the ralnbow trout fecaptured durlng
thts study showed movement , 422 of the recaptures were near the
same locatlon as tagglng. Both upstream and downstream moveoent
occurred frequently, and may have been due to the large size of
the Bysten.

The lncrease ln trlbutary related recaptures durlng the
wlnter seems related to rainbow trout novlng Lnto trlbutariee to
spann (See Chapter 5). Fluctuatlng flows durlng thls perlod may

affect acceestblltty to the trlbutartes by ralnbow trout.

Brook trout exhlblted the hlghest recapture rate of the
etudy ( rO .22) , yet had the least number tagged. The htgh
recapture rate nay be ln part becauee of thelr low abundance and
llnlted dletrlbutlon (See Chapter 4). A elnLlar rate of 10.6fl
(over 33 yearB) wae reported for wlld brook trout Ln the Au S'able
Rlver Ln Mlchlgan ( Stret ter 1968 ) .

The amount of upstream and downBtream movement documented
for brook trout waa slnLlar and only 272 dtd not move from the
tagglng site. In ccjntra6t, Shetter ( 1968) rePorted 882 of the
tagged trout to be wlthln I .6 kn of the release s 1te. No

movement among reachea waB obeerved.

Recapture rate of brown trout
raLnbow and brook t rout . Thls may
returns tor brown trout and to
largely to reaches 30 and 40.

(6.57") was lower than that for
be due ln Pa rt to the lack of

dtstributLon betng restrlcted

., Nearly I ,700 carp were tagged durlng thls etudy r Iet the
'recapture rate waB f alrly low (2.97 ) . Carothers et a1. ( l98l )
reported an even lower recapture rate of O.gZ durlng thelr 1977-
1978 Btudy. Although carp are not hlghly nobLle, a few long-
range movenents have been recorded (pfffeger 197 5 ) . A tagged
carp ln Mlssourl Doved lrO88 kn up6tream over a 28 month perlod
(pffleger 1975). In the Grand Canyon, a tagged carp traveled 425
kn downstream (fron Lava Falle to Lake Mead Marlna) over a 4

nonth perlod (Carothers et a1. l98l). Dlstancee of 40, 42 and 52

ku downetream were observed durlng our atudy.
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Tag-recapture 3 Nat Lve Fish

Dlrectl.on and dletance moved by flannelnouth eucker nere
h ighly variable (second only to r a 1n borr trout ) .
Trlbutary/na{nchannel exchange lnvolved the Llttle CoLorado and
Paria rlvere, and one Lncldence of tributatyltributary exchange
occurred (Karrab creek to Havasu creek over a 23-nonth perlodj.
Mo.et trl.butary novement wag related to epawnlng ( see chapter
6). slnllarly, Pereone et al. ( l9B5 ) , captured flanneluouth
suckerr 

-tagged 
1n the Llttle and colorado and parla rlvere, in

Reach 10. Spawning ln these trlbutarles by flannelnouth sucker
ltas also.reported by Carothers et a1. (l9gf ).

The recapture rate for hunpback chub durlng thls etudy waa
ainllar to that prevlously reported ln the Llttle Colorado River
(Kaeding and Zlnneroan 1983). Even though we were successful at
capturLng hunpback chub ln the Ltttle Colorado Rlver Ln the
sprLng and early aummer, preaent sanpling gear and technLques
Itere not effectlve at capturing lndlvlduale once they moved out
of the Llttle colorado River. However, sl.x flsh tagged in the
malnchannel were recaptured ln the Llttle Colorado Rlver durlng
thelr spawnlng perlod.

Canyon Creek Hatchery Ral.nbow trout

. Recapture rate for ralnbow trout stocked ae adultB lras
htgher than for other tagged trout during thls atudy. once the
stocked fish were dl.ecovered by anglers, the flshing pressure
lncreaeed Ln the area of releaee. More than one quarter of the
flsh I'ere recaptured ln the releage area. The remaLnder of theee
atocked trout moved throughout Reach 10. One lras recaptured
three nonths later l5z kn downetream at Brtght Angel creek.

Dye Mark

The dye mark lncLdence (gg.7Z) for stocked fleh durlng thls
study was slnllar to that prevlously reported (Weber and nfigeway
1962, Bl.lton 1968, Jones 1969, TroJnar l9Z3). Stocked ralnbow
trout fingerllngs dlspersed throughout the Lee's Ferry area wlth
few movtng downs t r€ Bm o stocklng durlng the study took place
during perlods of steady flowe, and envlronmental condltlone
lnhtbtted the abtltty to fully examlne the affects of fluctuatlng
flowa on stocked ralnbow trout. If flows had been fluctuatlng,
more downetream dlsplacenent nay have been observed.

- I 6 4-



8. FI SH FOOD RESOURCES

8. I T'{ETHODS

' A general ldea of food resourcea avatlabLe to Col.orado Rlver
ftshes and thelr utllLzatlon lras galned by plankton tows, benthlc
dredBeB r 

' drlft net samples, and analysis of gut contents.
Further lnformatlon te provlded ln Haury (1986) and Letbfrled and
Bllnn (1986), reBpectively.

Plankton tolrs lrere collected durlng. the course of three
rlver trlps: December 1984-January f985; 0ctober 1985; and
November 1985 (See Haury 1981, f986 for collectlons from other
seasons). Sanples were taken wtth tow netF havl"ng dlanetere of
f3 cm or 30 cm and nesh aizee of 80 utrr 243 unr or 363 uno

Quantitatlve estlmates of number of lndivlduals/rn3 were made for
sanples in whlch a flow meter lras available to determlne the
volume f1ltered. Collectlong were taken from both nearshore and
naLnchannel locatLons.

Fl.shes were collected accordlng to nethods deacrlbed 1n

Chapter 4. Larval flshes and adult guto rrere preeerved ln sfl and
LO7. forma1ln, respectlvely. Gut analyses were acconpllehed for
larvae or fty of three species: ralnbow trout, bluehead eucker,
and flannelnouth sucker. Emphasis for adult ftsh gut contenta
waa placed on,ralnbow trout.

Food lteme ln the guts of fiehes were ldenttfled under a

dissectlng mlcroscope to varlous taxonomic levels utilLzLng keys
by Uslnger (f956), Ednondson (1959), Penndk (1978) 

' and Merrl'tt
and Cunml.ns (1978). Larval flsh food items nere counted and are
presented as numerical proportLone. Gut contente of aduLt flshes
were eeparated lnto approprLate groups and added to volumetrlc
cyltnders so they coul.d be reported as proportlons by volume.

Comparleons of adult ral.nbow trout gut contentB rtere made

among reaches wlth tributarles conblned and anong 8e88ons.
CoLlectlons lrere made from all malnstream reaches and four
trlbutarles (LCR, Tapeats, Deer, and Kanab Creeks ). Effort
expended. ln the lnspectl.on of gut contents nas unequal both
epatlally and tenporally (Appendtx 8.1 ). Seasonal conparlsona
were reBtrlcted to conblned mel.natrea[ reaches; trlbutary Eanples
lrere numerlcally Lnsufflclent for seaaonal analysls. Both the
frequency of occurrence of food groupe and thelr Eean percent
volume were analyzed, ln reach comparlsons. All conparlsone were
made utlltzlng only ftsh havlng guts wlth sone food contents.
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8 .2 RESUITS

Plankton Tows

A total of 24 taxa lrere ldenttfied fron plankton tons taken
durlng the course of thls Btudy (tabte g. l ). of these, there
were l8: nLne cladoceran6, elght eopepode, and the anphlpod
Ganmafqs lacustr,ls. 0nly l2 taxa are members of the true
lLnnoplankton; the renalnder are benthlc or eubetrate dependent
forms carried by current as part of the lnvertebrate drtft. All
planktonlc forms lnhablt Lake powe11, and their populatLons in
the Colorado Rlver appear to be derived largely from indlvlduals
passlng from the reservol.r through Glen canyon Dam (Haury'19g6).

The tno most commonly occurrlng taxa, the cyclopoid copepod,
DLacyclops blcqspldatus thonasl, and the calanold copepod,
Aglodlaptone ashlandt, were both present tn 30 (SgZ) of the 34
plankton tows taken from the colorado Rlver. As a group,
coPepods occurred more frequently than cladocerana. Among the
latter group, only BoeuLna longlrostris occurred ln >5oz of the
samples. Rottfers were obeerved ln only nlne eamplee, but thelr
representatlon was undoubtedly underestinated by nets wtth mesh
sizee >80 uDo No taxonoml.c deternl.natlons were made of rotif er6.

Benthic and s ubs t rat e dependent organLsms were often present
taxa, the coelenterate Hydra, Lnsect

harpactlcot{d copepods, oi;rred in slr,
Even the relat lvely large amphlpod ,

ln plankton towso Fo ur

Ggnmarus lacuq$ls, was observed ln four samples.

rnconsletency ln mesh eLze and the eporadLc preBence of a
flow meter prevent all but gross generallzatlons concernlng
deneLtl'es of the taxa ln plankton tone. Meen relatLve abundances
ltere calculated lndependently for the three trips, but even they
are not etrlctly conparable because all taxonomLc groupe were not
counted conslstently (Frgure g.l). As a group, copepods
outnunbered the other tallted taxa durlng all three rlver
trlps. Dlaptonld naupllar and copepodld densltles exceeded tho6e
of all other groupg on two trLps, but they were outnunbered by
cyclopold adults (nalnly Dlacyclops bicuepl.datus thonael ) ,
dlaptonld adults (nalnly Dlaptonue aehLandt), r"d f"sect larvae
durl'ng November 1985. Although more cladoceran than.copepod taxa
were obeerved ln plankton tows, the former group alwaye occurred
ln relatlvely low densltleB.

larvae, tardigrades, and
or more of the samples.
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Table 8.1. Taxonomlc llst of organLsms ldentlfled from plankton
towe ln the Col.orado Rl.ver fron Glen Canyon Dam to
Dlanond Creek durlng 1984-85.

Coelenterata

Hydra

Roti.fera

Undetermined specles

Tardtgrada

Undetermined specLes

Copepoda

4glaodtaqt gque,, glAvlpes
{Slaqd f aptoq},r19 f pq,bssl
Lerp t o dlgp! oqus I,ashland L' teptodlgp-qomgs sl,grlls ( ? )
Ski s toilaptoqrrs gg1 1 tdqs,

@thonasi
MesocJsfggg edax

@ratug pgpper
Undete,rmlne{ hqfpacttcotd specles.

Cladocera

Dapl,rn,la gale,atjr l'nendg t ae
Daphnla. pulex ,,i, 

,

Dlaphanosoma lirget
BosmLna longlrostfls
@
Alona- guttata
mffi,a ffiisTWg@nFqrqrtq
P leuroxL s dent i culat a

Amphlpoda

Gammarus lacustrls
''l

Insecta

Undetermined larvae

llollusca

Undetermlned species
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Substrate dlrelltng taxa lrere present ln nearly all plankton
tows, but thelr relatlve abundancee were gfnerally low when
conpared to planktonlc forms. In November 1985, however, thls
group, lncluding Lnsect Larvae, tardlgrades, -L$.g, harpacti.coid
copepods, and the chydorld cladoceran Alona afflnls, cooprlsed
more than 302 of all organl.sms.

Densltles of organlsns ln plankton tons lrere highly
variable, both tenporally and epatLally. They ranged from 758
lndtviduals/n3 below Glen Canyon Dam l.n Decenber 1984, to only
fLve lndlvlduals/n3 at RLver Mtle 77 (Hance Raptds) ln November
1985. Samples were taken through nearly the entLre study reach
only durlng December 1984 through January 1985. Thl.s serl.es
exhLblted a general downstream decllne ln total denslty (Flgure
8.2), a condttlon not unexpected Ln rlvers fornlng outflowe from
lakes and reaervoire (See, however, Haury 1981r 1985).

Stomach GonEents

Native Suckers Elghteen flannelnouth and 43 bluehead
eucker larvae ranglng Ln length frou l0 nn to 23 mn were examlned
for gut cont ent s . Indtvlduals rrere collected from both
malnstream and trLbutarles; no attenpt lraa made to separate by
habttat. ChLronourlds nere most prevalent numerlcally ln the gutg
of both specles (Flgure 8.3) and aleo were present ln more gutg
than any other group (832 and 4gZ, reBpectlvely). PlanktonLc
Cladocera and Copepoda were second highest ln nunerlcal
representatlon ln flannelnouth sucker, but thte positLon was held
by blackflles ln bluehead. Four bLuehead sucker contalned only
detrLtus ln thel.r guts. Thl8 category was not lncluded in the
numerlcal proportLons of gut contentg

Ralnbow Trout Rdlnbow trout fty were collected from both
the rnainstream ( 130) and trlbutaries (33). Indlvtdual lengths
varled fron 17 md to 57 nm (i-30, SD=6), Seventeen of 33 havlng
enpty gutF were from trlbutarles; most of ' these. were yolk fry
whLch had not commenced f eedl.ng.

Diverslty ef food ltens waa coneiderably greater ln rainbow
trout fry thpn ln larval euckers, but this nay reflect no nore
than the ,greater sarnple sl.ze and more protracted perlod over
whlch the former group lras colLected. Immature chlrononLds,
prlmarlly larvae, conprised the greatest proportion of food ltema
Ln both mal.nstream and trl.butary ralnbow trqut (f igure 8.4).
Other lmnature aquatlc insects nere eecond hlghest ln trlbutary
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SuffLcient numbers of mainstream rainbow trout fty rtere
available to provlde a downstream comparlson of food groups ln
reaches l0 , 20, and 40. Neqrl)r 4O7. of gut Ltems rrere zooplankton
ln Reach 10, whereas reaches 20 and 40 larvae contalned only 5Z

and 37, respectlvely, of this group. Dlaptonld eopepods formed
the greatest proportLon of thts group ln Reach 10, but the two
downstream reaches contaLned greater numbers of cyclopold
copepods. Imnature chlrononlds exceeded 352 of gut ltens In all
three reaches and conprlsed more than 652 ln Reach 20.

Of _7 30 adult ralnbow trout guts examined , 44 (62) were
enPty. Thl'rty-five of the 44 (802) were collected durlng the
perlod Decenber-February, whereas only 352 of the total guts
taken durlng the study nere from thls perl.od.

Four food groups: chlrononid mldges, the alga Cladophora '

tndtvLduals, but thls group was surpassed
zooplankton in maLnstream trout . ZoopLankton waa

diaptonld copepods r cyclopoid copepods, E$Ijg,
order of decre'aslng numerical representatlon.

numerlcally by
represented by
and BosmLna Ln

detrltus-occurred in >507" of
and combLned tributarLes

stenotherm, 9 lacustrls, 1n

was somewhat unexpected and
amphtpod into these streams

prlor to captur€. Mol"lus cs
reaches 10 and 20, whereas
from reach 10, 30r 50 and
a snal1 percentage of guts

the amphtpod Ggpmarus lacust rLg_, and
guts examined frour the maLnstream
(Appendtx 8.2). Presence of the cold
rainbow trout taken from trlbutarLes
may represent wLnter movements of the
or ftsh that fed in the mainstream
hrere restrlcted to guts taken from
other ftsh occurred only ln ralnbow
tributarl€s r f'lsh occurred ln only
(ca, L"A).

Volumetrlc proportlons of some food groups exhlbited strong
downstream trends {n the malnstream (Flgure 8.5r Appendix 8.3).
Cladophora proportions decreased conBistently downstream, whereaa
lmmature Lnsects exhlblted the opposlte relatlonshlp. Increase
ln the proportlon of lmmature lnsects wae largely attrlbutable to
contrlbutlons fron chLrsnonldg and slrnulltds. The latter group
lras partlcularLy important ln Reach 50, fornLng 667" of the mean

food contents volume. The percentage of detrltus lncreaeed fron
reachee lO through 40, but then fe11 dranattcally ln Reach 50.
Gammarus proportions were lees than l0Z of food volume ln all
reaches except 40, where the anphlpod formed the greatest anount
of gut contents.

-L7 3-



REACH 2A

F

to

REACH TO

ltnar5,c,
FOOO CAlffi€3

norn, I.ftroo cArEoilGS

':EOI 
5,C'

trooo cAtmntt

to

f;"
I-

ttilqrECl
rtooD GAfre

r!rolncf

'IOO 
CNErc

l'l n Ir n, c,
FOO eArtcor|3t

Mean percent volume (cc) of food categorles
from adult ralnbow trout guts by reach and
conbined trlbutarl.es. Food Categorles:
CDP.Cladophora; DET-detrltus; FIS.fleh and
flsh eggs; IOM.lnorgaalc matter; GAlt-Gaumarue;
MOL-nolluaca3 OLI-Oligochaetea; AIN.adult
insects; LlN-Lmmature lasecte.

REACH 50 REACH'

TRIBUTARIES

Figure 8.5

-L7 4-



Comblned trlbutary guts had content volumes domlnated by
Cladophora followed by fish and ftsh egg6, Lmmature Lnsects and
detrltus. The volumetrLc proportlon formed by ftsh and flsh eggs
exceeded that of any nalnstream reach. Imuature lnsect
contrlbutlons cane largely fron slnuLttds and trichopterans.

When all nal.nstream reaches were conblned, CLadophora f orrned
the majorlty (>502) of adult raLnbow trout gut contente ln most
seasons (Ftgure 8.6, Appendlx 8.4). The proportion of Cladophora
decllned durlng the tno wlnter 6easons (Decenber-February) of the
study and narkedly ao durlng the fLuctuatlng flow perlod of 1985-
86. Immature lnseets , partlcularly chirononLds and slnulllds,
and to a lesser extent Ganmarus, displayed a contrastlng
relatlonship by havlng thelr greatest representation durtng
wlnter months. Remalnlng food categorl.es seldon made up l0Z of
gut content volume.

Of nine adult rainbow trout gut6 colLected durlng the low
flow perlod, lg-21 October 1984, flve contalned the anphlpod G.

Iacustris. Mean percent volumn of the anphipod ln these nine
gut6 lras 391, a value more than Beven tl.mes aB great aE that fron
all ralnbow trout gutB collected during autumn 1984. In the flve
guts contalning the anphlpodr the mean percent volumn of thls
taxon lncreased dranattcally to 702.

8.3 DISCUSSION

Studlee of the food and feeding hablts of natlve ftehes ln
desert 6treama of the American Southwest are tintted (See Deacon
and Mlnckley lg74r, and those of early 11fe stages are decidedly
lacklng ln the Llterature. Food hablts of adult flshes ln Glen
and Grand canyons have been exanLned by McDonald and Eotson
( 1960), Stone and Rathbun ( 1968), Mlnckley ( 1978), Carothere et
aI-. (1981), and Kaedlng and Zirnnermann (1983).

Larval bluehead and flanneluouth sucker ln the Colorado
River ln Grand Canyon consumed a mlxture of dipteran larvae,
primartly chironomids, and , zooplankton with mLnlnal
representatlon of other food groups.. Feedtng history of these
suckers 1s probably related to that of the whlte sucker
( Catostonus comnersonl ) whose larvae change food hablte as the
nouth migrates from the ailterodorsal posltlon to ventral, as 1n

the adults (Stewart 1926). Early whlte sucker larvae consume
eurface arrd nldwater Lnvertebrates and then ewltch to benthlc
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organl,sms and
postttofie

detritus as the mouth moves to the ventral

The degree to which early stage bluehead and flannelmouth
sucker larvae depend on zooplankton cannot be determined from .our
results. !1ost lndtvlduals were collected from qulet water areas,
however, where dtpteran larvae probably do not occur ln htgh
abundance ln the open lrater. Furthernore, size of prey may be
llntted to that of zooplankton, as oppoeed to the larger dtpteran
larvae, in early stage larvae.

Rainbow trout are opportunlstlc feedere and eat a wlde
variety of foods of both plant and anLrnal orlgLn. Early 11fe
stages depend prinarily on plankton, but adults take larger food
Ltens, lncLudlng aquatlc and terrestrlal Lnsects, oltgochaetes,
rnollusks , anphtpods , flsh eggs, flsh, and Dacroscoplc algae
(McAfee 1966). ProportLons of theee ltems vary among bodLes of
water, sesson, and slze of flsh.

Ralnbow trout ln Grand Canyon foLLow the general pattern of
changlng food types wlth lncrease ln body sl.ze. Fry consuned
zooplankton, whereas thls group was absent ln adult flshes.
Absence of zooplankton ln adult guts contrasts wlth ftndings from
post lnpoundnent 6tudles ln the Glen Canyon tailwater (Stone and
Rathbun 1968). Thls contrast may reflect the relative
aval.Lablllty of benthlc Lnvertebrates at that tl.ne and durlng our
study. There ts llttle doubt that populatlons of benthic
Lnvertebrates, ntost of whlch lrere lntroduced lnto the tallnater,
are present at consLderably hlgher densl.tles presently than Ln
the years followlng lnpoundnent of Lake Powe11.

Downstream decllne ln the proportlon of Cladophora ln adult
ralnbow trout guts reflecte the aval1abl1tty of thls reaource ln
lower reacheg of the Colorado Rlver (Usher et al-. 1986).
Cladophora growth ls apparently restricted by euspended sediment
loads from the Llttle Colorado Rlver and consequent decreaees ln
ltght penetratl.on. Contrastlng lncreases ln the proportlon of
larval Lnsect6, prlnartly fltter-feedlng slmulltder oay tndicate
a transLtlon ln lower reaches to dependence on suspended
particulate Datter of detrltal orlgLn.

Increage ln the proportl.on of Ganmarue ln trout guts durlng
the 1ow flow perlod of October 1984 lndlcatee the Busceptlblllty
of the anphtpod to predatlon under condltlons of fluctuating
water 1eve1s. Gamnarus_ appears to enter the drtft at a hlgher
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rate than other invertebrate groups when dlechargea fluctuate
(l,etbf ried and Blinn l986). Anphlpod movementa are exaggerated
ln the presence of fal1lng water levele, and theae moverents
reeult ln thelr aggregatlon into poole forned by the recedlng
ltater (H. Maddux' perEonal obeervatlon). These factors appear to
greatly lncreaee the anphl.pod-s eusceptlblllty to predatton by
ralnbow trout.
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AGE AND GROWTH

INTRODU CTION

Age and growth data can provlde useful lnfornatlon about a
specles reaponae to envl.ronmental and blologlcal condltl.ons.
Changes Ln growth rates and condltlon factors frequently can be
used to draw inferences about factors that have affected a
specLes or population. Howeve r , natural var I at ion Ln grorrth
rates and condltlon factors tend to confound and couplLcate
analysls of ehort term age and growth data. Flsh rarely ehow
lunedlate'responses to envl.ronmental or blologLcal condl.tl.one 1n
growth ratea or conditlon factors. Many of the data presented ln
thts eectlon are provided to aerve as basellne data for the years
of our etudy.

Thls study, although lntended to revLew effects of
fluctuatlng flows on the aquatlc ecosyBtem of the Grand Canyon,
was llntted . to collectlng moBt data durlng perlods of hlgh,
steady flow. Therefore, few data nere collected that can be used
to conclusively ehow effecte of varlous fLow regines on age and
growth characterLBtics of the fishes Ln the Canyon.

9. I . I,{ETHODS

It waa not posBlble to age flsh by conventl.onal scale and
otollth nethoda, probably because the relatlvely constant water
temperature ln the rlver prevented fornatlon of dlstlnct growth
annuLi. Growth lras eBtl.nated by exanlnlng length f requency
dletributlons and by exanlning changes Ln length of marked ftsh
between taggtng and recapture.

Condltlon factor (K) nas calculated by the fornula:

9.

lrhere W 1s rreight
I

9.2 REpULTS ,

Ralnbo$r Trout Grohrth
,')

Ralnborr trout were captured in
length frequency dtstrlbutl.ons
Exantnat lon of length frequencleg

K = lt * to5/#

ln grams and L ls total length ln nmr

sufficient numberB to use
f or es t lnat lng grorrth.

by reach revealed Beveral
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differences ln growth rate and eLze of' ftsh colLected ln
dlfferent 6ectlons of the rlver. Ralnbow trout collected tn the
malnstream above the Ltttle Colorado Rl.ver (fCn; were, ln
general, larger than fleh collected below the LCR. Appqoxlnately
302 of ralnbow trout collected above the LCR were larger than 400
mm whereae lees than 2Z collected below the LCR were larger than
4OO mm (Flgure 9.1). Theee dlfferences Ln el-ze dletrlbutlon nay
reflect dtfferences ln growth ratea, age compoBltlonr or both
fact o rs .

Length frequencles of flsh collected durLng thle study were
eompared wlth data collected durl.ng an earller etudy (Carothers
et al. 1981). Although maxlmum slze of fleh collected by
Carothere et alo rrss larger, we colleeted a greeter percentage of
f lsh larger than 300 Err.

Growth rateB were estl.mated by plottlng modee Ln nonthly
length frequencLes. One cohort, the 1984 year clase, waB
eollected ln sufficl.ent numbers to allow comparlson of growth Ln
all flve reaches. Fish ln reacheg lo and 20 grew at a elnllar
rate, whlch wa6 faeter than flsh.ln lower reachee (Ftgure 9.2>.

The re was great vartat lon ln growth estlmated from
recaptured I'loy-tagged ralnbow trout. Many fleh sholred no growth
or even negatlve growth, although perlod of tlme at large for
many exceeded 60 days. Of 588 raLnbolr trout re captured ,
approxlnately 4OZ sho;ed negatl.ve g-rowth or no growth. Thl.e
apparent dlscrepancy nay be due to a . varlety of factors,
Lncludlng damage to the flsh ceueed by electroftshlng equtpment,
measurlng error and data recordlng error, or no growth.

Many electroshocked fleh had bruiees or lunps an thelr backs
that were characterl.etlc of fiah wlth broken vertebraer posstbly
caused by e lect ro f I shlng. Conditlon of backs (Urulsed and
broken) wae not routlnely recorded on fteld data sheete. Durlng
May,1986, a careful effort tras nade to examlne flsh for evldence
of danager partlcularly recaptured flsh. Ttrenty three of 86 flsh
(272) captured by electroflshlng on May 6,1986 had evldence of
danaged backbones. Effects of thle danage to fleh are unknown,
although other workere have reported lnpalred growth of
electroshocked ftsh (Catz et a1. 1986).

Growth of, adult ralnbow trout ln"reaches 10-40 waa estLuated
by regreeelon fornulae calculated from change ln length of fteh
between tagglng and recaptuE€r The flt of the regreeslon 1lne
for ral.nbow trout ln Reach 40 nag eepeclally poor (r2-0.0I8)
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becauee of suall eanple elze (Flgure 9.3). Analyela of
covarLance lndlcated that the elopee of regreealon llnee dLf.tered
slgnlflcantly among the four reaches (F=16. l4 i df-3, 161;
P<0.01). Calculated growth (B) for adult ralnbow uaB hlghest 1n
Reach f0 (0.22 sm/day) and loweet ln Reach 40 (0.01 no/day).

Length et recapture wae plotted agalnet length at taggtng
for raLnbow trout whlch had been at large for approxlmately one
year (300-400 days). The polnts deternine a I{alford 11ne (Rtcker
1975) whose lntercept on the dlagonal tndtcates a meatr aBynptotlc
size of about 500 ttrtrlo Eetinated maxl.mum length for fleh captured
below the LCR waB about 469 Dilr whereae that for fleh captured
above the LCR was 569 mm (Ftgure g.4). I,,ength frequency analysle
also lndtcated that ralnbow trout attained greater length above
the LCR than below (Figure 9.1).

Ralnbow Trout Year Clase Strength l

Ages based on nonthly length frequencles were aeelgned to
ral.nbow trout by reach of capture. It waa aseumed that all fieh
were ttborntr on January l and had a ttbirthdayrt on the same dete
tbe fol.1owlng year. Two technl.ques were used to examl.ne relatl.ve
year claes Btrengths.

Electrofishtng CPUE by year cl-aes for : ages 0-II lt"
determlned to compare year clasa 6trength emong reaches
(Appendlces 9.1-9.3). Hlghest CPUEs of the 1983 and f984 year
classes were ln r,eachee 10 and 40 whereae the 1982 year claes
appeared strongest ln reachee 20 and 40 (table 9. I ' Flgure
9.5). Reach 40 had the highest CPUE of the 1985 year claee.

There was also great varl.atlon ln year claes Etrength wlthln
reaches. Although CPUE of the 1984 year class waa based on

catches of fish aged 0, I, and II, only age II flsh collected ln
1 984 could be used to calculate the I 982 year claee CPUE.

Because CPUEB were calcuLated for dtfferent age groups tn
dtfferent years, the year class strength lndrlx developed by Htle
(tgAl) was used to compere year clasees wlthln reaches. Baeed on

etectroflehlng CPUE, the 1984 year claes Lndex ltas higher I'n
rpaches 1O and 4O (Table g.2). In all otber reachee the 1985
year claes lra8 strongest. The greateBt varlatlon ln year clase
strength .was ln Reach 50 wtth low year class strengths tn 1982

and f983, and a strong year claes ln 1985 due to large catches of
age I f ish ln 1986 ( tr'lgure 9.5 ).
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Table 9.1. 1984-86 mean electroflehlng catch per unit effort(eatch/nin) of ralnbow troit by ye.'r elaes and
reach, nal.nchannel Colorado Rlver.

Reach

Year Al1
Clase 10 20 30 40 50 Conblned

L982 0. 20 0.29 0. 23 0. 2g 0. 05 0.22

I 983 0. 34 0.2g 0. I 5 0.2g 0. 04 a.24

1984 0.57 0.34 o.l4 o.4g o.ll 0.36

1985 0.21 0.35 0.lg 0.54 0.27 0.35
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Table 9.2. Hl1e goodness and poorness
strength of raLnbow trout
Col o rado Rlv€ r r

lndLces of
ln reaches

year class
10-50 ,

Ye ar
Class 10 20 30 40 50

1982

1983

r 984

1985

-3 3 . 6

L2 .5

58. 7

-37 .6

-35.6

-29.-g

26 .2

38.3

7.L

-35. I

'4.V

32.8

-34.7

-27 .8

34. g

27 .7

-62 .6

-84. g

35 .2

112.1

Table 9.3. Probablltty (p) valuee for Dean condl'tlon factor
dlfferences of ralnbow trout (2OO-400 nn) Uetween
reachee, malnchannel Colorado Rtver 1984-86.
lfllcoxon rank auo teBt (two talled) for
lndependent eanplee. * tndlcates eigniflcance
(P

Reaeh
Reach lledian K 20 30 40 50

10

2A

30

40

50

1.051

I .021

0.962

0.92L

0.864

0.541 0.021*
)

0.01$*
:)

0.021*

0,0L42{s

0.387

0.02Lrt

0.02L13

0.114

0. 481
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ItaJnbow Trout Condlrton Factors

Condltlon factore (K) are used to descrlbe the condltiont
plumpness, or well-belng of a flsh. Conditlon factors can vary
wlth season, sexr sexual maturlty, and age of flsh.

Because condltlon factorB generally decreaeed wlth lncrease
1n length of ftsh, dlfferences 1n condl-tlon factors were examlned
by l0O mm length classes (Appendlces g.4). There was variatlon
ln condltlon factors between reachesr but ln general-, condltlon
factors decreased with dtstance downstream from Glen Canyon Dam

f or all length claes€s o llean condltl.on f actors in reachee l0 and

20 were signlfl.cantly hlgher (P<0.05) than those ln r,eaches below
the Ltttle Colorado Rlver (tabte 9.3, Appendlx 9.5).

There was also varlatlon Ln aeasonal mean condltlon factorst
but no apparent conslstent seasonal pattern over the course of
the study. In Reach 10, conditlon factors decreased fron 1984 to
1986 for most length class€s.
condttLon factors were highest
lntermedLate in 1986.

Humpback Chub Grohrth

Grolilth of humpba ck chub was es

length frequencl€s. Modes 1n length
year ftsh ln 1985 suggested growth
thelr flrst year (Appendlx 9.6).
determined after flrst year grorrth
dtstributLons were indlstlnct.

In re aches 40 and 5 0 r me an

in 1984, lowest in 1985, and

tinated by examintng nonthlY
f re quenc I es f or Young of the

tb about 70 mm bY the end of
Growth rates couLd not be

as modes ln length frequencY

Thtrty-one tagged and neasured flsh lrere recaptured durlng
thls study (Table g.4r. Some were tagged durlng etudles as early
aa 1g78. Most of the recaptured fteh nere tagged and recaptured
ln the LCR during the sprlng spawnlng period. Humpback chub

appear to be elow growlng after they reach naturl'tyr and a

relatively long llved specles ( trtgure 9.6 ) . Growth of mature
flsh (>250 nn) based on llnear regreBalon of days at large wit[t
ch.ange ln length of recaptured flsh averaged about 7,Fo per year
(length ! 4.09 + 0.018473 [days at large], t2-0.28).

Length frequenclea of hurnpback chub collected above, below,
and ln the LCR were also exanlned. Most snall fish (<90 mn) and

large fteh (>210 nm) were collected ln the LCR' whereas fieh 80-
2lO mm ltere generally caught below. These data suggest the LCR
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Table 9.4.l1T?back chub recepture data fron the Colorado Rlver and trlbutartes,
lgg4-96.

Lel|rgth I{eight
Tag

{t
Tag
(nn)

Date
tagged

Recapture Tag Recapture
(nn) (s) (s) Sex

Change ln
length

Days
out

025077
02508 1

025095
0251 48
025182
0c2004
0c2038
4c2069
0c2l 61
oc2l7 L

0L02 I 7
0L02 I 8
oL02 19
0L0220
0L0 230
0102 54
010261
0L0263
0L0284
0L0308
0L0312
0L03 I 2
0L0326
312447
315223
315232
rws t32
FWS234
ffis725
nils7 47
ms848

8405 I 8
8405 I I
840s 18
8405 I I
840518
801 I 06
8105 13
81 1 029
81 I 106
84 1 221
8 I 0401
810401
810401
8 I 0402
I l 0401
810401
810401
I 1 0402
I I 0402
810403
8 I 0403
810403
810515
8602 I 9
860502
860 502
7808 I 3
79A7 L4
800626
800625
800524

2r8
560

o

s24
s40
550
448
196
312
297
4A6
424
318
348
370
195
348
256
172
390
328
328
172
s37
505
348
688
318
374
180
259

7

I
3

I
2

23
22
63
31
I

19
22
29
81
18
55
69
t8
57
29
16

15
t9
t
3
2

1l
I

51
74
35

372
372
373
373
714

1289
r47 4
932
924
156

I 173
1887
1515
r 856
15r5
1173
r857
r888
1514
1513
1141
r 171
I 846

7L
32
33

2477
177 0
1422
2r7 0
1424

294
414
33s
382
393
3s4
378
262
310
327
350
352
334
318
347
273
318
303
260
348
328
328
276
377
405
362
406
334
333
290
318

301
4r5
338
390
395
377
400
325
341
335
369
374
363
399
365
328
387
32r
317
377
344
343
295
378
408
364
417
342
384
364
3s3

180
510
300
420
413
558
440
286
330
250

a

417
330
s46
370
250
523
228
210
430
323
300
304
468
458
355
470
318
621
342
396

a

a

a

a

a
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o

a
.Er
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Figure 9.6, Relatton between change in length (nm) and
days slnce taggtng of recap tured hunpback
chub, aL1 reaches comblned, 1984-86.
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Flannelnouth Sucker Growth

Length frequencies of flanneluouth eucker were plotted toestlmate flret year growth. Modee Ln nonthly length 1:requenclesltere not aB obvlous as for other specr.es, partly becauge
f lannelnouth appeer to 

"o"n 
o d".r;;-"";J;-rr".ill'"r the year(Chapter 4). Estlnated flrst year growth of flannelnout.h rangedfrom 7O ro 100 mm (Appendlx g.l). -

serves as a spawntng nd nursery
young ftsh moving downs tream in the

Thlrty-three tagged and measured
recaptured during thls .st,udy (Table g.
specl,es, growth of adult ftsh was slow,

Flrs t year growth
length frequencLes, !ras
flannelmouth sucker, wlth
the first year. Monthly
growth of older flsh.

area for humpback ehub wtth
autumn (Ffgure g.7).

Length frequency distrlbutLons of flannelmouth sucker, inrelation to the LcR' were ernlLar to other natr.ve specres, wrthlarge ftsh present above, adult apawners and enall SuvenilespreBent 1n the LcR' and Lnterned{ate slzed ftsh caught below the
LCR (Flgure 9.8).tO)o

Bluehead Sucker Growth

flannelmouth sucker were
5). As wlth other natLve
and vartable.

of bluehead sucker) based on monthly
sLmllar to first year growth of

lndLvlduals attaLntng 70-l00 nm durtng
sample sLzes were too small to estlmate

tength
be 1ow, and
large ftsh
present ln
( f f gure 9.8

Not enough bluehead sucker were
draw any lnferenees about growth.

frequency dletrlbutr.one of bluehead sucker above
ln the LcR lrere ernrrar to other native epecles, wrtipreBent above, adurt spawners and snalr Juvenilesthe LcR, and lnternedlate eLzed flsh below the LcR
, Appendix 9.8 ) .

tagged and recaptured to

9.3. DrscussroN 
l

Our study tndlcates contlnuous trout
year ln the Glen Canyon tallwatero Trout
vartable, frequently comparable to that ln

growth throughout the
growth Ln tallwaters is
reservoirs, and often
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Table 9. 5. Flannelmouth
trlbutarl€B r

sucker recapture data from the Colorado River and
I 994-96.

Le_ngth . Ifglght- 
- .

Recapture Tag Recapture
(nn) (g) (s) Sex

Tag
{t

Date
tagged

Tag
(mn)

Change Ln
Length

Days
out

0007 7 0
024264
024264
a247 93
025291
425412
02s7 44
02597 6
025981
0268 I I
026823
028062
028 214
428256
0283 6s
301143
30 1 587
305 227
305 231
30s 27 8
305 27 8
305 352
305 7 95
306191
306 2A2
306 s57
306 557
306 562
306 s66
306 996
306 997
307084
307 47 4

850131
8404 I 4
840414
840424
8405 I 8
84A524
840807
85A426
850425
850307
850 3A7
840922
841019
841218
84 I 020
850526
850528
85A522
850 522
850 521
85052 I
850 521
850 522
850730
8s07 23
8507 23
8507 23
8507 23
8507 23
8508 I 0
8508 10
85 I 006
851120

l 360
500
500
104
358

1150
976
744

l 400
1451
1 806
950

1800
720

l 350
840
610

I 300
600

1400
1400
I 350
I 300
r047
1042

894
894

1247
r 405

o

O

944
88s

r234
910
930
214
940

a

889
875

L7 97
L6L2
I 780

624
1 306

a

I 360
a

a

r239
730

I 332
I 39s
1444
894
863

1062
1002
1030
1349
1349
704

1090
947

I 302

502
380
380
220
352
484
442
406
552
s39
541
452
566
402
516
47 1

426
503
393
506
506
509
512
494
45s
465
455
500
5A7
370
464
478
485

513
440
44r
274
451
49A
443
447
558
s56
545
45s
570
420
517
478
427
508
+0s
507
508
522
526
s06
47 1

467
466
516
514
407
477
490
488

11

60
61
54
99

6
I

4L
6

T7
4
3
4

18
1

7

I
5

L2
I
2

13
L4
L2
16

2
I

16
7

37
I3
T2

3

452
406
4a7
473
642
743
263
299
37 1

417
342
509
483
366
111
268
267
322
182
267
323
267
258
199
204

75
279
204
261
273
193
204

84

o

t

o

I

a

o

F
a

F
a

F
a

?

a

a

o

u
r
M

a

a'

F
F
o

a

M

M

o

a

a

a

a

a
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exceed6 that ln natural etreams (tlelch 196l, Trotzky and Gregory
1974)' Coldr conatanl temperaturea contrlbute to year-round
growth of ralnbow trout ln many tallwaterB lncludtng the Glen
canyon taLlwater (Mo.fferr 1942, parson8 rg57, pfLtzer 1962, 01son
1968, hlalburg er al . l98l ).

During thle study rar.nbow trout flngerltn$ stocked tn
october 1983 at 100 ro ll5 mm ranged from zso to goo mu total
length one year later' Rapld growth of ralnbow trout st6cked tn
tal'lwaters has been reported 1n nany studl.es. Mullan et al.
(1976) 'reported that stocked fingerlLngs averagLng r9l mm long
grew 76 to 102 mm per year in.Glen canyon tal.lwater; 76 mm
flngerllngs grew to 254 mm in length ln one year Ln Flaning Gorge
tailwater, utah; and 76 to lz7 mm flngerllngs grelr to zst+ to 3gr
mm Ln length ln Fontenelle tailwater, I{yonlng. RaLnbow trout
flngerlings released at an average length of g3 mm gren L7g mm
from July to December ln NavaJo tailwater, New ueirco (Olson

Stevenson ( 1975) reported that the average length of,
ralnbow and brown trout below Yellowtall Dam, Montana, increaFed
152 mm betweren May and December.

Rapld growth of trout ls aesoclated with the abundance of
food organlsms conlng fron a reservoLr and the abundant
Lnvertebrates produced in the tall-water (I{alburg et al. lggl).
Cladophora beds frequently develop ln cold tailwaters and can be
an Lmportant source of food for,trout (uorfett lg42, Mullan et
a1. 1976, I{alburg et al. l98l, Montgonery et ar. l9g6). Trout
feed on thls alga and Lngest aaaoclated diatoms, ieopods,
anphlpods 

' snails, and other invertebrates assocl.ated wlth the
Cladophora (Uoffett 1942, parsons 1957, tlelch 1961, MuLlan et al.
L97 6, Montgomery et aI_. l9g6 ) . Apparent decreased growth of
trout wlth dlstance downstream from Glen canyon Dan ts 11ke1y
aseoclated wlth decreaelng quantlty and qualtty of food resourcea
!L:lbfrled and Bltnn l9g6 ) but nay aleo be due to generlc
differences Ln the trout (claussen and phltlpp l9g6).

Fluctuating flows and periodic dewatering nay lintt
productlon of algae and aasocl.ated flsh ''food organlsns ln the
Glen canyon taillrater (tetbfried and bltnn 19g6, uecher et aL.

1965).

1gg6). Perlodlc dewatering of str,eam margLns and current
veloclty fluctuattons over eubuerged areaa of the stream bed due
to peaking flow fluctuatlon have reduced macrolnvertebrate
standing crope and connunlty conplexity in eeveral atreams
( Radford and Hart rand-Rowe Lg7 r , Flsher and LaYoy L972, Bruvs'en
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eE a1. 1974, Trotzky and Gregory 1974). Because tallwater trout
rely on invertebrates and Cladophora for food, fluctuatlng flows
that .i.mpact plants and Lnvertebrates can also af f ect trout.

Rainbow trout growth decreased ln Tennessee's Dale Hollow
tailwater, Ln 1953 and Lg54, when the number of flngerllngs
.stocked lras lncreased fron 20r000 to 30r000. This lndlcated high
uttlfzatlon and competltlon for available food in the tallwater
(t{alburg et e1. 1981). Effect of lncreased stocklngs on growth
of rainbow trout ln the GLen Canyon tallwater .are unknown. Other
workers have reported decreaslng growth rates with increaslng
densLty of flsh. Such an explanatlon Day account for the lower
condLtlon factor ln Reach 4O ln 1985, when denslty of ftsh wag

htgh (See Chapter 4).

There are a varlety of possible explanations for faster
growth of rainbow trout Ln upstream reaches. Productlvlty above
the LCR ls llkely htgher than below the LCR because of greater
llght penetratlon above the mouth of the sllty trlbutary. Food

resources may be more abundant; flsh may be genetlcally
dtfferent; ftsh may be more effective feeders; and there nay be

less competitLon for food reaourcea Ln upper reaches.

Strong year classes in B.each l0 relatlve to other reaches
nay be due, Ln part, to stocklng efforts at Lee-s FeRs1ro The

relatlve weaknese of the year L982 class Ln Reach 10 (Age II flsh
collected ln 1984) nay be due to harvest by anglere. Htgh CPUE

of most year classes ln Reach 40 may be due to recrultment fron
several trlbutary atreans that offer good spawnLng habitat for
rainbow trout (See Chapter 5).

The most rellable grolrth lnformatLon available for thls
study ls from length frequency distrlbutlon analysls. It would

be helpfuL to examlne sinllar data durlng perlods of fluctuattng
f1ows. Data avaiLable fron previous samples (Carothers et al'
1981 ) lrere examlned, and relatlve growth ratea derlved fron
length frequencles were slmllar to lnterrnediate growth (Reach 30)
determlned fo r our col leet loos . Unfortunately, RLver t'111e

locations for fLshes collected during 1977-78 nere not avallable'
so more speciflc cogparLsone are not posstble at thls tlne.
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I O. STRANDING AND REDD DEWATERING

STRANDING

lO.l.METHODS

The Lack of fluctuatl.ng flows durlng the preeent study has
reduced our abit tty to examlne thelr effects on the strandlng of
fish. Ilowever, Ln October'1g84 the Bureau of Reclamatlon lowered
the dlscharge rate to approxl.mately 5r000 cfs for a perlod of
three days. Thls ls the type of flow that often occurs durlng a

hollday perl.od. Arlzona Game and Fleh Department personnel, wlth
volunteer heJ.p from Northern Arlzona UnlversLty, examlned
strandtng durlng thls three day perLod. Low nater tnhlblted our
abtllty to cenauB the entlre river so numbers of etranded fteh
are underestLmated.

Ftsh were collected from Leolated poole (backwaters) ueing
dlp nets and seLnes. Fish collected were ldenttfted, neaaured,
and weighed. Ll.ve ftsh were tagged and releaeed. Flsh found Ln
etagee of deconposltlon were enumerated. StrandLng mortalltiee
were returned to the traboratory and exanlned for an
oxytetracycllne dye mark.

An lsolated pool at RM 7.5 .above Lee-e Ferry waa eelned,
and flsh were released back lnto the pooI. Water temperature wag
meaeured ln the pool and malnchannel each day. The pool naa
exanined perlodtcally for dead flsh.

0ften, when there nere changes Ln flow, pools or backwaters
became lsolated from the nainchannel. During sanplLng trlps when
these leolated watere were encountered, they nere sanpled for
flsh and the water temperature waa measured.

I{e aleo 11st a few reports of strandlng observed by others
and reported to our offlce.

I 0.2 . RESULTS

In excess of 800 troub were observed stranded frorn October
Lg'21, I 984. Because many had been parttaLly coneumed by
predators, physlcal data were recorded for only 639 fleh. The
rate of chan$e ln discharge durlng a 3O-nlnute perlod ranged fron
0.4-L6.62; the hlgheet rate occurred when dl.scharge dropped from
7r640-6r370 cublc feet per second (cfs) (Flgure l0.l).
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Of the 639 fish examined, 635 (99.42, were ralnbow trout,
three (0.52) were brook trout, and one (O.27.) was a green
sunfLsh. Elghty-flve (13.32) of the 639 flsh were allve when

found. Moet stranded fieh were located on a cobble bar below
Lee's Fefflo

The Lsolated pool monltored at RM 7.5 contaLned f3 raLnbow
trout. Total length for these trout ranged from 102-550 Dtr

(*-373.O mm), and welght ranged from lO-L720 g (I=793.8 g). The

pool measured 3l . I x 10. I m (nean 'depth I2.0 cm) . Water
temperature ln the malnchannel during thls perLod ranged from
I 0. 5- I I .0o C, whlle temperature Ln the lsolated pool was I I . 50 C.

The porous gravel .subetrate probably .al1owed river water to
ftlter through the pool to malntaLn water tenPeratures. In the
three day perlod there rtere no obeerved mortalltiee

Flsh in pools located. on .a epawnlng area below Lee's Ferry
suffered hlgh mortallty (g5.22). llortallty dlfferences may be

related to dlstance6 of the lsolated pools from the
mainchannel. At RM 7 .5 the pool was <20 m from the rlver, whLle
the pools below Lee's Ferry were >lO0 rr

Ftsh were captured by electroflshtng f.rou a large lsolated
backwater at RM LZ above Lee-e Ferry. No dead flsh were found ln
thls backwater. However, there were many angLers flehtng the
ieolated backwater. Ftfty-one flsh (nean length 364.7 mm, range
L40-577 nm; mean wel.ght 804.4 g, range 36-244A g) lrere collected
ln ll nlnutes of electroflahlngr'representlng alnost 5 fleh/nln.

Most lncldences of etranding rePorted to our offlce
eoncerned "a bar located lnnediately downetream fron the dan (nU

l5). Reports were received followlng weekend low flowa durlng
the wlnter 1985/86 when lrater level fluctuated. Strandlng ttas

reported to be nostly large adults ln reproductlve condltl.on.
Estlmates varled fron 2O-100 ralnbow trout wlth as many aa 40

mortalLtl.es. Thls aame pool contained gtranded flsh durlng the
October 1984 Low flow perlod.

of the etranded ftsh examlned for an oxytetracycllne dye

mark, gl.4Z dleplayed a dye nark,and 8.62 were nondyed. The

greatest percent of dyed fteh was from the 200-224 mn sLze
group. Nondyed ftsh were generally snaller and noBt were from
75-L24 um (Flgure 10.2).
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The only nethod ueed to evaluate strandlng Ln reaches 20-50
was through sanpllng backwatere that had been Leolated fron the
nainchannel because of changes ln flow. Because theee leolated
backwaters remaLn for short perlods of tlne only 43 were sanpled
(Table l0. l ). Over half (53.52) occurred in Reach 50. DurLng
vl'deo work at 28r000 cfs 30.32 of all Lsolated backwaters nere ln
Reach 50 ( Chapter 4).

Mean length of flsh ln Lsolated backwatera waa generally
sna11. Except for carp and ralnbow trout, the mean length ror
all specles nae (55 nn (Figure lO.3).

Isolated backwaters contalnlng few or no flsh were often
encLrcl-ed with predatory blrd and narnnal tracks. Thls suggestB
thet our estLmateB of etrandlng are probably 1ow.

In all, l rg23 ftsh were found stranded or ieolated from the
malnchannel. Fathead mlnnow (6l.gz) and raLnbow trout (33.32)
accounted for moat of the strandLng llable lo.2). Four natlve
specLes ltere also found ln Lsolated backwaters: speckled dace
( I .92) ; bluehead sucker ( l.7t) ; hunpback chub (O.ZZ) I and
flannelnourh eucker (O.ZZ).

Catch per unlt effort (Cpun) of flehes collected by seinlng
ln Lsolated backwatera from reaches 20-50 ranged from 0.3
ftsh/tOO m2 for rainbow rrour ro 2g7.4 fteh/tOO lZ for fathead
mlnnow (Table lO.3).

l0.3.DrscussIoN

DocumentLng ftsh strandl.ng nas done prlnarlly durlng October
19-21,1984. Thls ltas nalnly due to a lack of fluctuatlng flows
(Chapter 3). However, fron observatlone durlng the three day Low
flow period ln the Lee-e Ferry area, and through sampllng of
lsolated backwaters downatreamr lt appears that fluctuatlng flows
could affect natLve and sport fishes.

Fleh entrapped rn pools or backwaters as water levels
decllne may suffer mortality from several sources. These
lnclude: (t) oxygen depletion when fleh are concentrated in
ehalI'ow Leolated poole i (2) lethal tenperatures durlng suumer
nonths when pools approach anbrent tenperatures; (3) predatlon or
scavenging by birds and mamnals; and (4) deslccatLon when water
wlthln a pool declLnes leavlng fish exposed to the atnoephere
(Neel 1963, Becker et al. lggl)o 

,
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Table I0.1. Nunber of lsolated backwatere sampled ln reacheg t0-50 fron
Aprll 1984 - June 1985.

I 985 I 986 Totale
Reach tEf-ffig ffi(z)

lo2oooo24.7
200001124.7

)

at30t0311614.0
4012331r013.3
50!86622353.5

Total 5 10 L2 lt 5 43
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TabLe 10 .2. Number of each
baekwateEs r all

June 1986.

fish specles
gear types

collected
combln€d,

from lsolated
from Aprl1 1984

Species Total

Introduced
Car p
Fathead mLnnow
Ralnbow trout
Brook t rout
Green sunf t sh

Na t Lve
Bluehead sucker
Flannelmouth sucker
Humpback chub
Speckled d ace

63;
3

I
ffi

-
I

-

a

10
-
-
-

6
15

:

7

1165

:

LL73

I
2

-
24-5r

13
r 190

641
3

1

I

I

-
I

I

-
-
O

10

19

;
L2

22

5
I
2

1848

32
3
4

36333
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Table 10.3. llean catch per unlt effort (flah/100 u2) by
eelne for ftsh iollected ln leolated
backwaterg from reachea 20-50, 1984-86'

Specles lte an SD

Int roduced
Comnon carp
Fathead mlnnow
Ralnbow trout

6.7
287 .4

0.3

44 .2
1505. 0

1.5

Natlve
Bluehead sucker 15.6 63'9
Flannelmouth eucker 0.4 1'6
Eunpback chub 0.5 0.6
spetttea dace ' 25.7 14.3
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During the October 1984 low f1ow, fleh suffered mortallttes
from all these causes except 1etha1 temperatur€8. Had these
flows occurred durtng summ€r r thermal stress and oxYgen
deprLvatlon would have been more promLnent. Isolated backwaters
sarnpled'during summer ranged fron 18.0-31.OoC (*-25.7oC), whlch
ls greater than the upper lethal tenperature of 250C for ral.nbow
trout (Cherry et a1. 1977).

IsoLated backwaters often contalned no flsh but were
encLrcled wlth manmal and blrd tracks. Great blue herons (Ardea
herodtas) and ravens (Corvus corax) were often seen near ah"""
backwaters o Becker et a1. ( 1981 ) examlned stranding ln the
Colunbia RLver and found lsolated poole devoltl of f lshee, whl.ch
one day earLler had contalned an estlmated 1 '000 fleh. They
found numerous animal tracks and concluded that attenPtB to
estlmate strandlng would be grossly undereBtinated because of the
vulnerablllty of stranded flsh to predatl.on. Cornlng ( I g 70 )

reached a eLnLlar concluslon for ftsh concentrated lnto pools.
Becker et al. (1981) found that deep backwaters euch ae the one

occurrlng at RM 12, however, offered protectlon frou predatlon as
well as from other causes of strandlng mortallty. They falled to
mentlon lncreased vulnerablllty and mortallty to anglere.

Durlng dropping water leveIs Ln 0ctober, ralnbow trout fry
had not yet energed. Newly emergent fty prefer ehallowt
nearshore habltats. Goese and Gosse (1985) found ralnbow trout
<12 cm ln length at mean depths of 2.7 cm and 3.3 cm durlng
statlonary and random swlumlngr r€spectlvely. Flsh aasoclated
wlth ltttoral areaa of the rlver are moet suBcePtible to changes
in flow (Becker et a1. 1981). Persons et a1. (1985) showed that
suLtable ralnbow trout fry habltat ehlfted fron one locatlon to
another durlng changes in flow.

Ftsh strandlng on bars waa more prevalent
habltat type. Bauersfeld (1978) rePorted htgh
salmonlds- on bars. He reported strandtng
usually affectlng newly energent fry between
low flows occurred prlor to spawnlng r very few

than on any other
strandlng rates of
to'be selectivet

25-50 nor Because
fry lrere pres€ot.

Ralnbow trotit could euffer some stranding on a datly basle
during fluctuatlng f1ows. Reporte of etrandlng at Lee-s Ferry
were recelved weekly from anglers durlng perlods of, fluctuatlng
flows. I{lnter perlode, when adult fteh are ln shallow spawnlng
area6 and poBt-emergent fry are ln ehallow nearshore habltats '
nay be crltlcal.
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The loss of older and larger ftsh due to strandl.ng could
dlrectl.y and lndlrectly affect catch and harvest rateB of ftsh 1n
'the tallwater ftshery. Cornlng (t970) found that fluctuatlng
flows Ln sna11 atreama eventually reduced trout populatlon
leve1s. Reduct lons ln wl.nter ltater levela , common slnce the
closLng of Glen Ganyon Dan (Chapter 3), could reduce the rlverei
carrylng capaclty for both prlnary and eecondary producere (Neel
1 963 , CornLng 1 970 ) .

Specl.es tolerant of hlgh temperatures often reproduced ln
large leolated backwaters where depth was adequate durlng perLods
of lowest flow. Therefore, species Buch as fathead mLnnow

donlnated the catch Ln treolated backwatere. Except for epeckled
dace, natlve flshes stranded ln backwatere were generally larvae
and Juvenlles, lncapable of reproducl.ng.

Wlth the aval.lable data, lt ls dlfftcult to determine the
extent of Etrendlng below the Lee'e Ferry area where natlve
flshee are more abundant. Theae areas of the rlver would have to
be examLned durLng periode when ltfe Btages of these epecLes ere
abundant Ln nearshore habltata.

Not only are mlnl.muu water levele Lnportant to flehes, but
the rate at whlch the water drops ls also lnportant (Bauersfeld
1978, Becker et al. 1981 , Cushman 1985, Pereons et al. 1985).
Rates eetabltshed on the Cowlltz Rlver, I{ashlngton, repreaent a

lO7" reductlon ,'1n f low per 3O-ninute perlod (Bauersf eld, 1978).
However, after exanlnlng strandlng thls rate was deternlned to be

excessl,ve. It lras felt that the rate of, change became Dore
crltlcal as volume of water decreaB€d. The rate at nhtch
dlscharge from Glen Canyon Dan changed durlng 'October 1984
exceeded L6Z. Thle occurred after dlscharge was already reduced
to less than 8r000 cfs, a level where Persone et al. (1985) felt
that bara began to be expoBed. An attenPt should be made to
establlsh rates of change ln dlscharge that would mlnimlze
s t randlng.

REDD DEI{ATERING

10.1.l*tETHODS

To evaluate the
ralnbow trout from
Can yon Dam . Ceme n t
lns lde the dan and

)

effects of fluctuatlng flows on energence of
redds n an experlnent was deveLoped at Glen
dralnage canals, whlch eollect seepage from
route lfater to the rlv€fr were used as
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racelrays. l{ater temperature ln raceways rilaB cd r loC hlgher than
the river.

Egg baskets lrere bulLt to conform to the cement raceways.
They were 61.0 cm wLde on the bottom and 76.2,cm wide on toP,
30.5 cm deep, and 61.0 cm long. Frames were butlt wlth L2.7 Dm

square steel tublng and l1ned wlth 6.4 mm neeh expanded 8tee1.
BasketB were sprayed with rust resLstant prlmer and ftnleh
palnts.

AII water rraa routed down one raceway wlth veloclty and

depth controlled by we1rs. A 10.2 cm Flygt subnerglble punP was

placed in thls raceway below the egg baskets. The punp was

electronically controlled by a eprlnkler tiner that turned water
on and off at specl.fted times. Water waa punped through 10.2 cm

dlaneter schedule 40 PVC ptpe to the raceway contalning the egg

baskets to be dewatered. Subsurface water was controlled by

weire and fluctuatlon level was controlled by the pumP.

Prior to placlng gravel ln the baekete, gravel mesEurements
were taken wtth so11 sleves fron two redde and one bar wl.thout
redds ln the tallwater area. Gravel for the basketE was obtalned
fron a nearby bed belng excavated by a eand and gravel comPany.

Proportions of gravel slzee used 1n the baskete dupltcated those
from redds observed ln the study 8r€8.

Eyed ralnbow trout eggs were purchased fron the Plynouth
Rock Trout Conpany. Each artlflclal redd contal.ned 800 eggs that
were counted lnto porcelaln dishes ln a dark rooD. Eggs ltere
placed ln baskets uslng a nethod elnllar to that deecrlbed by

Gustafson-MarJ anen and Morlng ( 1984 ) . Short pleces of I .9 cu

dlaneter PVC pipe lrere placed at slx locatlone ln each basket to
a depth of 15-20 cDr and the lrater leve1 wae ralsed to cover the
baskets. Eggs were then placed ln the ptpe and allowed to slnk
to the bot t om. The pipe wae removed and the area carefully
covered wlth gravel. Thts nethod ltas rePeated untlL l2 baskete'
sl.x on the steady flow slde and elx on the fluctuatlng flow slde '
had been planted with eggs. There were actually elght baskets on

each side; the fLrst and elghth baskete dld not recelve eggs but
Irere used to standardlze flow over and through the baskete
recelvlng eggs.

Water' level was held steady over all baskets for the tnltial-
ttro days of the experLment. For the remalnder of the perlod the
fluctuatlng elde waa dewatered datly for lO h ( 2OO0-0600 h) .
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Thls dupllcated the durat lon of a

at the dam durtng wLnter months,
spawnlng bars durlng these fLows
we re dewat e red , a snall amount
through the bottom portlon of
storage rel€88€r

Removable collectlng nets
on the downstream side. Nets
81.3 cm at the top and 15.2
dtnenslons. Nets were ZO cm
polypropylen€. ,

s lngle peak fluctuat lotr r common
and conditl,ons that exlst on the
r Though the artlflclal redds
of wa t er was a 1 lowed to f low
the basket s to slnulate bank

:

were placed on top of each basket
were 73.7 cm wide at the base,
cn htgh, conf ormLng to channel

deep and made wlth 2.5 mm mesh

Each net lras checked Just prlor to the dewaterlng perlod
each night and collected flsh were counted, measured, and
recorded. Neta were then cleaned and placed back on the
baskets. The experLment nag termlnated 33 days efter eggs were
planted.

1 O. 2. RESULTS

Becauae of the large volume of weter belng routed through
the raceways (l rZ9S 1/nln), dlseolved oxygen, pH, and water
tenperature changed very llttle acroas the egg baakets (rable
10.4). l{ater veloclty over the egg baekets was elnllar between
the eteady flow slde (*-1.28 ft/eec) and the fluctuatlng el.de
(I-1.39 ttleec).

Redd, condltlons ln the baskete slmulated natural redde at
Lee-s Ferry. In gravel sanplee taken fron Glen Canyon Dam
taLlwater, percent finee ((3.0 nn) naB lg.3Z by welght in a redd
from 4-M11e Bar and l9.lz 1n a redd frou B-Ml1e Bar (raute
10.5). A11 gravel tn the two redds paesed through a 5l.O mm

sieve. At 12 Mlle Bar, where no redde were foundr percent,flnes
waa 24.52. In addttlon to a greater amount of flnes fron 12 Mlle
Bar, 20.82 by wetght of the sample lraa greater than 51.0 tr0o.
Proportlons of gravel ueed ln the baskets approxlngted that of
the two redde3 22.01 by welght was greater than 22.0 Dm but lees
than 51.0 mn, and lg7- by welght lese than 3.0 mm.

The flret emerggnt fty appeared Decenber 9, 1995, one week
after the eggg were planted. rn the flrst week of emergence, zz
fry were collected from dewatered redds, whLle .only three nere
collected fron the steady flow redde. ALl lndlvlduale had large
yolk sacs attached durlng thla flret week. The rate of emergence
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Table 10.4. Dlssolved oxygen, pE, and tenperature above and
below artlfl.clal redds taken at 1400 h, December
1986.

Dlseolved TenPerature
Slte oxygen (ngll) pH (oc)

Steady flow raceway
Above Redds

Below Redds

')

10. I

10. 2

7 .7A 10. 7

7 .70 10. 7

FLuctuatlng flow raceway
Above Redds lO.3 7.75 10.8

Below Redds 10.6 7.78 10.9

,d
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from the steady flow treatment dtd not show a marked increase
untll day 20 (after plantlng) and leveled off around day 30
(Figure 10.4). During thls perlod only 6 fry nere collected fron
the dewatered redds. In all, 579 fry (L2.07" of eggs) were
coll.ected from steady f1ow redde and 3l (O.67"1 fry from dewatered
redds. Thls represents a 20: I rat Lo.

Mean length for the flrs t 22 emergent fry frou dewatered
redds was 15.3 mm (SD=0.8). The first 22 fty fron steady flow
redds had a Dean length of 22.0 mm (SO=3.2r. The few fish
emergLng later from dewatered redds rrere slnilar 1n mean !.ength
to those from steady flow baskets, 25.O mm (SD*5.2) and 26.1 mm

( SD= L.2) r E€spectively.

l0.3.DrscussroNvrl

'Thts experlment was deslgned to determlne the effect of
dewaterlng redds with respect to gravel composltlon found Ln Glen
Canyon taLlwater. ArtlfLclal redds were'patterned after redds
located ln the tallwater Ln a'n attempt to subJect ralnbow trout
eggB and pre-emergent alevLns to natural conditlons. Recrultment
to the Glen Canyon trout fishery fron ftsh hatched ln the rlver
has been shown to be substentlal durlng steady flows (See Chapter
7).

Results from thts study suggest that dally fluetuationg
exposlng spawning areas for a maxlmun l0 h w111 cauae near total
mortallty.

Hatchl.ng Euccess of 12.O7" f or our wetered redds was htgher
than the 5-72 reported from artlflctal redds by othere (Elson
1957, Mel.ster Lg62, Gustafson-MarJ anen and MorLng 1984 ) . The

near total mortallty (O.6X survlval) of eggs and pre-emergent
alevins wa6 slrnLlar to those ln other dewaterlng studles (Releer
and Whtte 1983, Neitzel et aI-. 1985).

Although enbryoe are known to be tolerant of daiLy
dewaterLng (Corning lg7L, Becker et al. 1982, ReLeer and White
1983, NeLtzeL et .€l-. 1985), pre-emergent salnonld alevLns have

been ehown to euffer almost total mortallty. Reiser and White
(1983) dewatered rainbow trout aod chLnook salmon eggs dally for
t-5 weeks. The eggs were then transferred to incubators and

hatching success determLned. No dtfference was found betrneen

dewatered and control eggB. However, thls experl.ment only tested
the effect of dewaterlng on egg survlvabiltty and not pre-
emergent alevlns.
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Becker et al. (1981) eubJected four salnonld developnental
stages to dewaterlng. Embryos hte re dewa t e red us ing varying
comblnatlons of frequency and duratlon of dewatering. Though

enbryo survival !ilas good, they concluded that embryoa dewatered
for one prolonged perlod dtd better than thoee dewatered dally'
Pre-emergent alevlns were examl.ned during the 6ame Bea6on as our
experlment, but nere dewatered a maxLmum of elght h da11y. Lees

than 47. survlved t h datly dewaterLng and all were ktlled when

the duration exceeded I h. They concluded that moat ltere ktlled
during the tntttal dewaterings.

NeLtzel et al. (1985) went one step further and malntalned
eubsurface flow that simulated bank storage. Even then, alevlns
dewatered for I-2 h for slx consecutlve days auffered near total
mortality.

It appears that da11y fluCtuatl.ons or perlods of low flcw
that expoae trout redds wt11 cause near complete mortaJ-1ty for
pre-emergent alevlns. Alevlns generally remaln {n the redd for
2-4 weeks after hatchlng (Breder and Roeen 1966). Thls lncreases
the period of vulnerabLlity for ral.nbow trout alevlns ln the

tallwater. Any flow reductLon whlch exPoseB the spawnlng bare

could reduce year class strength.

Vldeos taken at 4r800 cfs and compared to 28r000 cfs showed

cobble bars lncreased from l4Z to 327" of shorell'ne aubstrate
sanples (Anderson et a1. 1986). Thle suggests that at 4'800 cfs
spawning areas are probably exposed. Gosse and Gosse (t985)
noted that many redds obaerved durlng steady flows ln 1984 would

have been dewatered by moderate reductlons ln flow. Durlng 3

days of low flow in October 1984, at the beginnlng of the trout
epawning season, dewatered redds were found on most expoeed

cobble bars that were examlned. The epawnlng area at RM 7'5,
whl.ch was re-examlned two nonths Later after water levels had

returned to Bore than 20r000 cfs (steady flow)' contained more

redds than were found at any other locatlon. Iloweverr w€ were

unable to evaluate spawnlng !n deep areas of the rlver' DurLng

f luctuat1.ng f lows in December 1985, redds were f ound dewatered Ln

the malnchannel near Nankoweap Creek.

It is evident that changes ln flow could serlously affect
natural recrultment, but our data are lnadequate to deternine the

nagnltude of actual losses. Also, the amell'oratlng effects of
bank storage need better clariflcation. Knowlng spawnlng "ltt
hatchlng perlode ln the Lee-s Ferry tallwater area could ald ln
urlnimi zLng f1ow effecte on pre-emergent raLnbow trout.
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11. I,EE-S FERRY FISHERY

ll.l.llETHoDs
, ,.;'i.

A stratlfted creel survey, comprlsed- of two weekdays and

four weekend days each month, was lnltLated at Lee's Ferry ln

'January f984. A creel clerk'was statloned at the boat rauP at
Lee-s Ferry where mogt boat and ehore flehermen could be

lntervlewed. Each fisheruan or party waa lntervlewed dally'
usually et the end of the flshtng day.

Catch and denographl'c data were collected durlng the
interview.' Catch lnfornatLon conslsted'oi tlne flshlng began and

ended, number of trout caught and number creeled by speclee'
0ther lnformat lon Lncluded date '

locat lor r boat or shot€ r

complete or lncomplete triP r. .and termlaal tackle used.
Deuographlc lnformatlon lncluded county and state of resl'dence,
and nuuber, of Juvenlle, adult, and retlred Peraona ln each party'

Fish checked by the creel clerk were Ldenttfted by specles
and Deaaured (tota1 length) to the neareat ulllLneter. Uncleaned

fleh were welghed to the neereet gran wlth an Ohaue ModeL C-3000

Port-O-Grarn electronlc balance, or to the nearest l0 g with e

eprlng lorided B cale .

The Natlonal park Servlce (NPS) provlded nonthly eBtlmates
of number of anglere et Lee-s Fert'y'frou dal1y counts of boat
trailers and shore flshern€rro The r 984 lnformat lon Lncluded
number of boate and total flehermen, whereaa ln 1985 and 1985

only boat and ehore angler countg were avallable. For the latter
,"rt", total ftshernen Per month was calculated by nultlplytng
number of boats by mean annual nuuber of flshermen Per boat and

addtng the number of shore fiehermen. l'lonthly angler houre were

calculated nultlplylng the'above estlmatee by the uean nonthly
number of hours flshed per flgherman. Data pertaLnltrg to uumber

of flshermen per boat and nuuber of hours flshed were collected
lculated forfrom creel Eurveya. confLdence 1lnlte were not ca

angler preBaure and harvegt eBtlnatee of trout 
_ 
because NPS

provlded only nonthly e8tlDates of the number of anglere. ,

Catch rateB and harvest rates were calculated for all trout
speclea conblned becauee released fteh not ldenttfled by the
creel clerk were of questl.onable ldentl'ty. Whlte (1962) hae

shown that nany fLeheruen are not fan1llar wlth the
ldentlflcatlon oi dlfferent trout 8Pec1e8. l{onthly harvegt
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estlmates of total trout nere calculated by uultlplylng nonthly
angler hours by Donthly harvest rates. Rainbow and brook trout
harvest estlnates were then calculated multlplylng nonthly
harvest of totaL trout by the ratio of these specles ln the
cree I .

A one-!ray analysls of varlance (ANOVA) nas used to examl'ne

temporal dLfferences ln catch rate of total trout and mean length
and condl.tlon factor of harvested ralnbow trout. Mean length
dif f erencea ltere considered among monthg and 1r€8Ea r l{hen mean

length lras tested among years, only the f lrst f lve months ltere
considered due to the llntted lnformation collected ln 1986.

Catch rates and conditlon factors were tested among seasons. The

one-way ANOVA was also used to test for dtfferences ln catch
rates among the followlng categorLes: aeasonsr dally mean flow,
coefficLent of variatlon of daily flow, and dLscharge categorles
conbtnl.ng mean and coefflcieat of varla'tLon of dally flow (See

Chapter 3). Hlgher order classiftcatl.ons could not be run
because of lnsufflelent data. SlgnLflcant ANOVAS were followed
by the Student-Newman-Keu1s (SNK) nultlple comparleon test. The

reJeetlon level for both tests waa set at P=0.05.

1 1 .2. RESULTS
,)

Angler Effort and Catch Rates

A total of 168 creel days ltere expended fron January 1984t

through llay 1986. During thls perlod, 1I ,542 f tshermen were

lntervlewed and data were gathered on 6 1266 trout. Of these t

96.42 were ralnbow and 3.52 were brook trout. Other creetr'ed ftsh
included fLve etrlped bass, eLght cutthroat, and two brown trout '

In 1984, NPS estimated 44 r87 8 ftshermen at Lee-s Ferry
(Table ll.l, Appendix ll.l). ThLs number decllned to 19r953 ln
1985. The grand mean for fishernen/uonth ltas 3r740 (SD-1229) tn
f984 and I ,653 ( SD=437 ) Ln f985. Autunn had the htghest angler
use for both years followed by aprlng (table l1'2)'

Onl'y the flrst flve months of f986 were surveyed. From

January through May an estLmated 4'866 people flshed at Lee-s
Ferry. Approxinately lgr664 and 8r729 anglers used Lee's Ferry
dur{ng the same perlod of f984 and f985r respectiveLy. The mean

number of fishernen/uonth ln f986 was 973 (SD=173).

The nean catch rate for trout ln lg84 was 0.51 flsh/h. when

months lrere conblned by 8ea8on, catch rates were highest 1n
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Table 11.2. Angler hour estlnates by aeaeon at Leers Ferry,
January f984 - MaY 1986.

Year Winter Sprtng Surnner Autumn

1984 3o99sa 78781 74232 94577

1985 29581 38794 26010 40303

1986 20893 17336

a January - February 1984 data only.
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sumner and autunn (Table 11.3). In f9851'the taeen catch rate waa

0.50 ftsh/h. Seasonal eatch rates rere highest ln wlnter and

summer. From January-May 1985, the mean catch rate for trout was

A.26 fish/h. Seasonally, catch ratee rere htgher ln .wlnter 'when

compared to eprlng (Table ll.3).

An eetlnated 56 r887 ralnbow trout :sere harveeted ln 1'984 '
but only 29r497,.we're harvested lu 1985 (fable ll.3).. During
theee yeare ralnbow trout harvestlha decllned and yteldlha. Thts
naa nalnly due to e decrease ln flshing Pressure.

For the flrst flve months of 1986 an eetlmated 3'053 ralnbow
trout were harvested, whereas ln the-flrst flve months of 1984

and 1985 an estinated ll,953 and,-, '9r991 ralnbow trout t

respectLvelyr . were harvested.

tength Frequency and Condltlon Faetot 
.

A total of 2r7lO ralabow trout ryere reaaured at.tl" 
"":::Ferry creel etatLon Ln f984. These trout ranged ln ef-ze from 150

mn ro 75A mm (I-383.I) wtth hlgheet'rpeaks from 300'un to 375 mm

(Flgure ll.1). Ralnbow trout,over 500.rnn ln total length made uP

137. of the total, while those over 500 Dm made uP 2.12. Ralnbow

trout less than 300 mm ln ltngth made up L9.62 of the toall:
Monthly length frequenclee ehow that both raLnbow trout over 600

mm and ralnbow trout under 300 om were pregent ln the creel every
nonth ln 1984 (Flgure 11,2)r

A. total of 2,786 rat-nbow trout were^_creeled tl_ t-t-tt. 
- -"::"length for creetred raLnbow trout flas 370.4 nm (Table ll.3).

These trout ranged ln slze fron f50 mm to 700 mm wlth htgheet
peaks from 300 nm to 400 mm (Flgure 11.3). In 1985, 5.57 

-of 
the

creeled ral.nbow trout were larger than 500 1n and 0.47. t"::
larger than 600 or!. Ralnbow trout less than 300 nn made up 16'82
of the total. In every month durlng 1985, ralnbow trout less
than 300 nn ln total length were creeled. There were no trout
longer than 600 mu creeled ln five of twelve months ln 1985
(Flgure Il.4).

A total of 545 ralnbow trout were creeled ln the flrst 5

months of 1986. Mean length for creeled ralnbow trout at Lee'8
Ferry wes 4!V.5 nn (Tab1e 11.1). RaLnbow trout creeled ln 1986

ranged ln aLze f rom 225 m& to 600 'nn ltlth a peak f rom 375 Dm to
425 mn (Flgure 11.5). From January through May, 7.32 were over
500 mm ln total length but none were greeter than 600 un (Flgure
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Table 11.3. Resulte of AN0VA and SNK nultiple range tests for eeaeonal catch rate
(rrah/hour) of creeled trout at Leete-Ferry durlng Decenber 1983 to
l,lay 1986. Plue nark (+) tndlcatee elgnlflcant differences aEong

8€8tOO8o

Mean-Cit"t sPr sPr - !1tt s?1- !|1^ Aut stJ. |1t sum l{ln
Rste sea60n 1984 1986 85/86 r'ggS 83184 1985 1984 1984 1985 84185

O.23 Spr 84

0.26 Spr E5

0.3-9 ltln 85/86

0.43 Spr 85

0.43 lfin 83/8 4

0.53 Aut 85 +

0.56 Suu 84 + +

0.57 Aut 84 + +

0.74 Suu E5 + + +

O.gh lfla84/85 + + + + + ; * + +
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I I .6) . In the flrst flve months of 1984 , 17 .OZ of the raLnbow

trout harvested nere over 500 mm and 4.OZ were over 600 Dttlo In
the flrst five monthe of 1985, 6.lZ and 0.47. of the ralnbow trout
lrere over 500 mn and 600 EtDr respectLvely. Only 0.47" of the
creeled ralnbow trout were less than 300 mm Ln length ln 1986,

whtle 22.91 and 25.72 were less than 300 mm ln the firet flve
months of 1984 and 1985, respectively.

The SNK nultiple range test showed that mean lengths of
creeled ralnbow trout were slgnificantly greater ln wlnter than
summer 1n 1984 and 1985 (Tab1e 11.4). In 1984' mean length of
ralnbow trout creeled Ln January, Februat!, and Deceuber were

slgnlflcantly greater than those creeled ln July and August '
Ralnbow trout creeled In January and February lrere slgnlficantly
Larger in mean length than those creeled ln June. In 1985r mean

length of ralnbow trout creeled Ln December, October, November,

and Aprl1 were slgntflcantly Sreater than those creeled Ln Mayt

June, and August. In 1986, the SNK multtple range teet (pcO.05)
was run on the flrst flve months only. Summer and autumn months
were not lncluded. Results shoned that ralnbow trout creeled Ln

t{ay, Apr11, and February were slgnlflcantly larger Ln mean length
than those creeled in March. When the one-way ANOVA (F=93.97',

df=Zr 26O6; P<0.01) Itas consldered among yearg, each year's Eean

length for ralnbow trout lraa found to be slgniflcantly dlff€!€ot.

Mean aeasonal condLtl.on factor for ralnbow trout were lowest
1n winter and highest ln oummer, Those for ralnbow trout ln the
wlntere of 1985 and 1986 were A.97 and 0.98' resPectlvely. llean
condltlon factors for the summers of 1984 and 1985 nere 1.05 and

1.03, reaPectlvely. The results of the ANOVA and SNK tests are
ehown in table 11.5- The SNK nulttple range test (P<0.05) showed

that these dtfferences were slgnlflcant. Sprlng and autumn

condltion factors were between these extrenea.

In 1984, 139 brook trout were creeled, whlle the next year
l3 were cr'eeled. The mean'harvest rateB for brook trout ln 1984

and f985 ttere 0.007 and 0.005 brook trout/h, respectively
(Table l1.l). Mean length for creeled brook trout was 354.5 mm

Ln 1984 and 357.l mm Ln 1985. Only three brook trout were
creeled Ln the. first flve months of 1986, whlle 68 and 6l ltere
creeled durlng the seme nonths 1n 1984 and 1985r r€8pectlvely.
Mean harvest rate ln 1986 was 0.001 brook trout/h. The mean

length for creeled brook trout ln 1986 was 389.3 un (SD-34.8).
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Table 11.4. Resulte of AIIOVA and SNK uultlple renge teat for dlfferences ln Donthly oetn
length of creeled ralnbow trout at Leefa Ferry, 1984 and 1985; Slgnlftcant (P

<.01) oonth.i.by.ronth conparlsone lndlcated by plug (+) uark.

1984
llean

length
t-l l{onth Jul Aug Jun l{ar }tay Sep Nov APr Oct Feb Dee Jan

357 .7 Jul
363.9 Aug
37 1.9 Jun
375.8 llar
380.0 l{ay
381.4 Sep +
387.4 Nov + +
393.1 Apr + +
394.6 oct + +
402.3 Feb + +
407.0Dec+++
4L9.7 Jan + + + + + + + +

r985
Hean

length
(-) l{onth Mar Uay Jun Aug Jan Sep Feb Jul Nov Oct Apr Dec

339.9 Mar
341 . 3 lfay
358.7 Jun
363.0 Aug + +
363.7 Jan + +
364.6 Sep + +
369.1 Feb + +
378.0 Jul + +
388.3Nov+++++++
388.5Oct+++++++
389.7 Apr + + + + + + +

396.9Dec+++++++
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fablb 11.5. Regultc of AI{OVA and SNK oultlple range test for dlfferencee La nean condltton
:1...::, ., , faitors (K) of creeled ralnbou trout a[oqg aea€ona at Leerg Feery, 1984-86.

Slgalficant (p (.01) qe$oa-by-seaaon couparleons lndiceted by plue (+) DErk.

lleen tfln tfln SPr Spr Attt &rt Sun SPr Sun

K seaeon 1985 1986 l9E5 1986 1985 1984 1985 19E4 1984

.97 [{ln 85

.98 lfin 86

.98 Spr 85

1.00 Spr 86 +

l.0l Aut 85 + + +

1.03 Aut 84 + + +

1.03 Sun 85 + + +

1.04 Spr 84 + + +

1.05 Sum 84 + + + + +
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Effects of Flow

I tested' weWhen the effects of dlscharge on catch rates werl
found slgnifLcant differences (One-way ANOVA F=8.36; df=2r 6224;
p<0.01) in party catch rate8. Catch rates ltere hlghest at 0.76
fish/h when dally mean flows were less than 14r000 cfs. Catch

rates were lowest (0.58 fish/h) when datly mean flows were

greater than 31'500 cfs. Ano ther one-Itay ANOVA showed

slgnlfl.cant dl-fferences (F=6.44; df=7, 62lL; P<0.01) Ln catch
rate when both daily mean flow and coefflclent of varlation were

tested. The !!ean catch rates for each flow tyPe are shown in
Table ll.6).

ll.3.DrscussroN

From lg77 to 1983 flshing Pressure, catch rate, and harvest
of trout generally inereased at Lee-s Ferry. Durlng thls time
Lee's Ferry had a reputatlon as a trophy troug flshery wtth mean

length of creeled raLnbow trout at 400 mn or greater and

many over 600 Dno Flshtng pressure rose durLng these years as

lncreaslng numbers of people came to catch large trout. There

were enall decreases in ftshlng pre8sure due to changes ln
flphlng regul-ations durlng thls tlme. In L978 and 1980, the
number of flshermen decreased sllghtly and then Lncreased the

followlng years. In 1978, the datly 1lnft waa reduced from 10 to
4 trout. In 1980, a regulatlon ltaa establlshed whereby any flsh
retained ln the creel had to be kllled Lnnedl'ately.

Yearly catch rates Lncreased 3002 from lg82 to 1985; at the

same tlme nean lengths of Creeled rainbow trQut decreased' Catch

per unLt effort le often Proportlonal to Dean stock preEent

durlng the tlme of flshtng (Rtcker 1975). This I'ncrease ln catch
rate 1"" Ltkely due to increased numbers of f ish at Lee's._l"ttl
when stocklng efforts were resumed after a 28 nonth perlod (March

1978 to July f980) when no flsh were planted (Appendlx ll'2)' A

decreaee ln rlean length couLd have been caused by two factors '
the 28-nonth perlod wlth no stocklng and the I'ncrease ln flshlng
presaure. The perLod wtth no stocklng potentially reduced tlro
year classes of rainbow trout that woul-d not have been notlced Ln

the creel untiL they had groltn to a size kept by fishermen' An

increase ln f lehlng pres sure undoubtedly . "-"l-t-tibuted :o. 
tl"

decllne 1n mean length. t{11ey and Dufek (1980) found thts to
occur ln the Green RLver below Fontenel-1e Reservolr. Trout were

being har,vested before they could grow to a large s!ze. Lee-B
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Table ll.6.Mean party catch ratea (trout/hour) by datly nean flow
and coefflclent of varl.atlon. Dally mean flow (cfe):
Low = (141000; Interuediare - l4rOOb - 311500; Hlgh -
>31r500. Coefflclent of varlatl.on: Low - (3i
Intermedlate - 3 -f5; Hlgh - )15.

llean f low
Inter-

Low nedlate Hlgh

Low 0. 63 0. 54 0 .37

Goefflclent Interuedlate 0.38 0.50 0.31
of varlatlon

Hlgh O.57 O.32

'23 2-



Ferry ltas no longer consl.dered a trophy flshery and fewer people

were ftshing there. The fishlng presaure decreased from 1984 to
present and catch rate decreased ln the flrst Part of f986.

Since a regulatlon change Ln 1986 to lure and fly only' mean

length of creeled ralnbow trout has lncreased. Thls occurred
even though few large ftsh were creeled. Fewer than 17" of the

rainbow trout creeled Ln 1986 were less than 300 rltllo This
decrease Ln numbers of small trout creeled may reflect a change

|n the type of flsherman as a result of the regulation ehange.

There were seasonal differences in catch rate, mean length,
and condLtlon factor for creeled ralnbow trout. Catch rate and

mean length were generally htghest ln wlnter' Seasonal

dLfferences were mos t ltkely due to wlnter being the maln

spawntng period at Lee-s Ferrlr Rainbow t rout nay be mo re

accesslble to fishernen at thLs tlme when they are concentrated
around areas of good quallty spawnlng gravel ' Their
aggreealvenese when over redds may make then more suscePttble to
angling. Thts is ln contrast to Mullan et al. (1976) who stated
that trout become nonaggresslve, feed less actlvely, and seek

deep pools durlng lower winter temPeratures.

lMean condltion factor for creeled ralnbow trout was, lowest
ln winter. The weight of a flsh ls affected by stomach contentst
tLne of year and spawnlng conditlor (Ricker 1975r. Low condltlon
factor ln wlnter could be attrlbuted to welght l-ose durlng
spawnlng

Brook trout made up only a small Percent of the total trout
creeled at Lee-s Ferry durlng the study perlod. Brook trout at
Lee's Ferry appear to be dependent on stocking. There was a 2l-
month period with no stocking of brook trout harveeted from

October f983 to August 1985 (Appendix ll.2). Numbers of brook

trout decreased fron 1984 to f986. Brook trout ltere collected ln
such low numbers during the Etudy perlod that no 6tatistLcaL
analysls ltas tuo r

The effects of dlscharge on'angling ltere difficult to
determl.ne. Catch rates ltere hlghest durlng winter months when

moat low mean flows (<t+ rOO0 cfs) occurred. Catch ratea were

lowest durlng summer when most htgh mean fl'ows (<ft r 500 cfs )
occurred. Many of the days creeled durlng fluctuatlng flows
occurred i.n 1986 after a change in flshlng regulations. This
change ln fishing regulatlons had an effect on catch rates. It
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appeared that both dally Eean flow and varlation of flow had an

effect on catch rateB, but due to aeaaonallty and changes Ln

fishlng regulatLons 1t could not be Proven concluslvely.

Flshery manegers have looked at the effects of dlscharge on

angllng wlth dlfferent reEults. Fogle and Shtelds ( 196 I )
surveyed managers of 52 tallwater ftsherles 1n L4 6tate8. They

reported that flshtng was generally best durlng perlods of
moderate flow wtth ltttle or no fluctuatlon. When moderate
fluctuatlons occurred r anSltng was better when flows were

lncreaslng. Kelly and Thor.ne (1986) showed that mean nonthly
catch was lnversely related to mean nonthly flow on the San Juan

River in New Mexico. Parsons (1957) stated that trout ftshlng on

the tailwater below Dale IIollow Reservolr Ln Tennessee was best
durlng low dlscharge when the hydroelectrlc dam ltas completely
shut down. Thls created a gerLes of long' shallow pools where

flshtng wa6 good. Dutlng steady, hlgh dischargeg ftshtng waa

poor. Corning (1957) stated that aa wat'er level.s decrease, flsh
becoue concentrated Lnto smaller areas. Thls concentratlon of
ftsh could lmprove flshlng BUCC€88 o Fog1e and Shlelds ( t96l )
reported that lncreases ln dLscharge and fluctuatlons al-tered
re6tlng and hldtng places for fish and made angllng Dore

dtffLcult.

, perBons et a1. (1985) trled to correlate mean nonthly catch.

rate wlth mean nonthly flow, mean nonthly range ln flowt (dally
average of maxLmum mlnus nlnlnun) and the coefficlent of
.r"rlatlor, of f low at Lee-e Ferry f rom Aprll 1980 to llarch 1981'
They could not flnd any slgnlftcant correlatlons.. The onlY
exceptlons 1rere perl.ods of low flows that lnpeded upstream
navigation and extreme hlgh flows that made boatlng unsafe and

ftehtng dtfflcult.

Hanson (Ig77) reported that ftshlng ltas generally best when

dlscharge lras hlghest at Pomme de Terre tallwater, a cool water
fishery Ln l{1ssour1. Hanson showed a posltive relatlonshlp
between the dally mean dlecharge and dally mean catch rate fot
all specLes ln four of seven years. When catch rates htere

compared over a longer perlod of tlue (by month, season' or

year ) , slgnlficant positlve correlatlons rfere found

eonslstently. DurLng htgh dlecharge, ltater flowed lnto shallow
qulet backwater areaB where fleh were concentrated .resultLng In
good angling.
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1.

L2 . CON CtUS rONS

Water Qualtty

Inpoundnent of the CoLorado Rlver by Glen Canyon Dam and

release of deep hyPo!.|nnlal water fron Lake Powell has

dramatlcally changed the physLcochenLcal- and trophic
nature, of the rlver downstream from the dau.

2. Trlbutarles of the Colorado RLver Ln GLen and Grand

canyons 1lttle affect nalnetream temPerature and maJor

Lon chemLstry. The Little Colorado Rlver 1s an

lmportant conirLbutor of suspended sedlnent and

phosphate to the malnstream durl.ng perLods of

floodl.ng. The effect of thls trlbutary on the trophlc
nature of the mainstream has not been adequately

determlned, but aPpears to be very tnportant'

Dls trlbut 1on, Itabltat Ut11 IzaEl.on, and Backwater Examlnat lon.

The rlver has changed from one domlnated by warmwater

epecies to one donlnated by cold water and eurythermal

flehes.

1.

2. Adult natl.ve flshee are dlapereed throughout the rLver,
whlle larvae and JuvenLles are concentrated Ln reaches

below the Llttle Colorado River.

Ilunpback chub were collected mo6t frequently tn the

vlclnlty of the Llttle Colorado Rlver, al-though they

were collected throug.hout the lower reacheE.

Recrultment of brown and raLnbow trout from tributary
streams was reflected ln their dlstrlbutlon.

3.

4.
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5.

Species divers lty appeared to be

dlstrlbutLon of backwaterB.

related to the

7. By October Bost native flshes have attaLned a sLze where

they are less affected by fluctuatlng flgwq' even though

they contLnue to ut111ze backwat€t8o

Trlbutaries

Habltat use

dfffered for
above and be 1o!t

most species.
the Ltttle Colorado Rlver

6.

1. TributarLes are
populations of
Apparently, low
thelr abtltty to
sPArfning 8f €8 r

lmportant to
nattve ftshes

malnchannel wat e r
fully ut111ze the

maint alnlng vlab 1e

l.n Grand Canyon.

temperatures llult
Colorado RLver as a

2. Illgheat natlve fieh catch per unit ef,fort tn trlbutarlee
'oceurred ln the Paria and Llttle Colorado rlvers and

Kanab Greek.

3. Salmonlds use trlbutarles ln wlnter
early sprtng as nursery are88 r

to I pawn and 1n

4. Nankoweap, Clear, Brlght Angel, Tapeats, and Deer Creek

were areas where catch per unlt effort for ralnbow trout
was relatlvely hlgh.

seasonal use patterns occur for both natlve and

introduced flehee wlthln the trlbutarLes. Use by natl.ve
fteh le htgheet ln sprlng and aummer wlth trout uBe

belng htghest ln wlnter.

5.
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6.

7.

The Llt t le Colorado Rlver ls crucial
chub as a spawntng and nursery 8E€8.

ln ra lnbow

De cember ) .

and tends

trout spawnlng

Peak of natLve
to be ln lat e

to the humpback

occurs ln winter
flsh spawnlng is
sprlng and earlY

The peak

(usually
varlable
summ€t.

8.

9. .The ponded area formed at the mouth of the Little

colorado Rlver durlng high flows in the malnstream may

of-the-year natlve flehes enterlng the perennlalJ-y cold

Colorado Rl.ver.

Reproduct lon-Malnchannel

Ralnbow trout appear to have reacted to flow condltLons

durlng the spawnlng sea8onr 88 spawnlng in 1985-86 was

later than that obeerved the prevl.ous year. once flows

returned to a high ateady condltl.on Ln 1986 ' trout moved

onto cobble bara to ePawn.

Fluctuatlng flows
access Ln at least
spanntng habitat for

could adverselY lnPact trlbut ary

four trlbutarL€sr and thus linit
both native and Lntroduced species.

l.

2. some natlve fLshes spawned ln the malnchannel- durlng
perLods of steady flows. Bluehead euckers that spawn on

ahallow gravel bars could have been affected by

fluctuatlng flowe. No one has etudled the effects of

dewaterlng on bluehead ov8.
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3.

4.

Specles that use waro backwatere as ourBey and spawnlng

areas could be affected by dewaterl.ng and dealccatlon
durtng perLods of low flows. Backwaters that becone

leolated, warm, and then are reconnected to the

mainchannel may beneflt specles that respond qulckly to

rrarmer water and reproduce.

There was no evtdence of mal'nchannel

humpback chub.

spawning by

1.

Mo vemen t

DirectLonal movement appears to be in reBPonse to

reproductlon. Movement related to trLbutarles durlng
the epawnLng seaBon was observed for rainbow trout '
brown trout, flannelnouth eucker, and hunpback chub'

Stocked Canyon Creek Hatchery, rainbow trout dlspersed

throughout Glen Canyon, and more than a quarter of these

etocked fleh ltere harvested by anglers ln the vlclnlty

of the releaee.

3. Dye narked ralnbow trout represented 6lZ of the sanpled

flsh 1n Reach 10. Few narked flsh were eaupled down

river. Natural reproductlon dld occur ln the Lee'8

Ferry 6f€do

Flsh Food Resources

l. The Colorado Rlver through Glen and Grand canyon6

contaLns a dlverse and abundent zooplankton comounlty'
Zooplankton ls uttllzed as d food reaource by 1arval
natLve auckers and ralnbow trout fry. )

2.
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2. Adult ralnbow trout conoume prlnartly Cladophora and lts
assoclated eptphyCes, larval tnsects (malnly ehlronomlds

and slmulllds ), and the anphtpod Gammarus ]gg!.11!1.
Cornposltlon of food ln adult ralnbow trout guts varLes

wlth dlstance downstrean from Glen canyon Dam and by

seaS ()n.

Age and Growth

l. Ralnbow trout growth ls greater above the Ltttle
Colorado River than below.

2. llarvest by anglers of rainbow trout aPPears to affect
thelr slze distrLbutlon in Reach 10.

3. Growth of hunpback chub estimated frou nonthly length
frequencles averaged approxlmately 7O mm durlng the

flrst year., and growth of adult8 ltas also 81ow.

Hunpback chub appears to grow s1owly after reaching

maturlty, and it ls a relattvely long-llved specles.

Growth of recaptured nature fish averaged less than l0
^+ 1 -raaDn per year, and aome indtvtduals ltere at large for more

4. Dlstrlbutlon and length frequency data suggested that
adult hunpback spawned 1n the i,tttle Colorado Rlver ln
the sprlng, and young f ish mov,ed downstream ln the

autumn.

Strandlng and Redd Dewaterlng

1. A11 sl.ze classes of ralnbow trout Ln Reach 10 were

etranded durLng October I 984 when the water level
dropped after an extended perlod of hlgh steady f1ows.
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2.

3.

4.

Lee'B

1.

2.

3.

Uosi, ralnbow trout etranded durlng October 1984 'ttere

fl,eh that had been stocked by.Arlzona Game and Fteh

Departnent.

pre-emergent ralnbow trout Ln ,redde dewateted at the dan

euffered near total nortaltty. Trout hatched ln redde

on cobble bars below the dan may suffer sLnt'1ar

nortallty durlng perlode of fLuctuations and extended

low flow durlng weekends and holldays'

are stranded l,n backwaters when rlver
a

Ralnbow trout ln the creel decreaged in mean length from

1982 to 1985. Thts waa .probably due to a perlod of low

stocking and lncreaeed fishlag PreEEure;

Ra|nbow trout mean tength ,lncreased ln f 986 r yet f ew

large lndlvlduals were cheCked 'ln the cree1. Very f ew

enall ftsh were kept ln the creel ln 1986, probably due

to changes Ln ftshtng regulatlonE'

Natl.ve flshes
stage lowerI e

Fe rry " Fl she rY

Brook trout decreased ln nunbers ln
the study perlod, ProbablY due to

aetural reProductl'on.

the creel throughout
lack of s to cktng and

ralnborn trout tncreased
6pawntng PerLode.

4. Cat ch rat e s

Ln the creel
and Eean lengths of
durlng raLnbow trout

5. Catch rate8 for trout were hlgheet when dal1y mean floss

nere lese than 14,OO0 cfa.



l3 . RE COI.IUENDATIONS

A fu11 reservoir and htgh runoff durlng the study made tt
dtfflcult Eo address conpletely the questlons surroundlng
fluctuatlng flows. However, data collected provLde lnslght for

answerLng questlons relating to fluctuatlng f1ows.

Uslng data from this and other studLes we can make

Lnferences about the effects of flow variatlon on the aquatic
resourceE. BsLow are responsea to the aeven flow alternatLves
that we were asked to evaluate and crlterla that could be used ln
developlng an alternatlve to better maximlze dlscharges for the

aquatic resources. The problen wlth these alternatlves provlded

by BOR Ls that they show only averages and ranges wlthln whLch

flons nould fal1. Informat lon concernlng rat e of change Ln

dlecharge and duration of low flowe was not provided, and thle
coofounds our abllity to conpletely evaluate these alternatlvee.

Narrative Descrl, t Lon of Alt ernat lve Nunbe r One
I'lonthLv Base Flow Re 1 eas es f rom Gl en Canyon Dam

llonth Acre feet Averaqe monthlY f 1ow-

Oct
Nov
Dec
Jan
Feb
Mar
Apr
DIa y
June
July
Aug
Sept

608 ,000
594,000
936 ,0oo
899 ,0oo
677,000
509 ,000
611,000
6L4 r 000
620, o0o
7g4,0oo
983,0oo
589,000

9 ,900
9,800
t3,6oo
L4 r 600
12 ,200
g r 30o
10r300
1or00o
10r400
L2 r 750
t4 ,400
10,000

Rarlgre s

9 r 9oo
9 , 8 o0
13 ,600
L4 1600
L2 ,200
8 r 3oo
t0 r 30o
10,0oo
10 ,400
r2r750
L4 ,400
10,000

DLscuesl.on of Alternatlve Nunber One

Even though flows ln alternatlve number one remal.n falrly
stable wlth no dally fluctuatlons, there are perl.ods when theae

have oosltl-ve r effects on the aquatlcfl0ws could have posltlve and negative 
ruld benefltr€soutc€sr Steady flows durlng wlnter and eprlng ct-,

ralnbow trout spawnlng and alevln survlval and provLde stable
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habltats for newly emergent fry. Flows ln May and June, though
steady, are lower than hlstorlc flowg and thoee obeerved durlng
the study. The hlgher water level backe up the nouth of the
Ltttle Colorado Rlver potentlally creetlng both addltlonal
rearlng habltat and a staglng area to allow acclinatlon to
tenperature dlfferences between the nal.nchannel and LcR.

Narratlve Descri tion of Alternative Number Two
Maxim Ized Power Plant Releases from Glen Canvon Dan

Month Acre feet Average monthly flow Rangg p

I ,000-31 ,500
I ,000-31 ,500
1r000-31,500
I ,000-31 ,500
1r000-31r500
I ,000-31 ,500
I ,000-31 ,500
1 ,000-31 ,500
3r000-31r500
3r000-31 r500
3r000-31r500
I ,000-31 n 500

Oct
Nov
Dec
Jan
Feb
Mar
Apr
May
J une
Ju 1y
Aug
Sept

9 r200
9 ,400
l3 ,900
t4 r 500
9,500
g,300
9,700
9 ,0oo
9 ,8oo

L7 ,000
16 , 500
10,240

568,000
5 60 ,000
856,000
8gg ,000
527 , 000
510r000
57 8,000
55 1 ,000
585,000
1 ,045 ,000
1 ,0 r2 ,000
609 ,000

DLscussLon of AlternatLve Number Two

Alternatlve number two would have negatl.ve LupactB on most
aquatlc reaourcee of the canyons. Cobble bare ueed by ralnbow
trout as spawnLng eites would be dewatered on a datly basis. The

result could be etrandl.ng of adult spawnera and mortallty of eggs
and alevlns ln dewatered redds. Succeeeful emergent fry would be

stranded or displaced fron near shore habltats on a dally
basls. Low flows would llnlt access to aome tributarLes for
spawnlng.

Natlve flehes would be sinlt arly Lmpacted. Malnchannel
spawnLng areas would be dewatered dally. Backwaters that provlde
warm water habltats for larva1 natlves would be dewatered and
have tenperature profllee altered by fluctuatl.olr8. rf.
zooplankton are reproduclng ln the colorado Rl.ver, a probabJ.e
locatlon would be ln backwaters, whlch would be nade uneultable
beeause of datly dewaterlng, FluctuatLng flowe nay affect the
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success of hunpback spawnlng. The nouth of ,the Ltttle Cglorado

Rlveri whlch liley.be used as s Etaglng arear' would be' Lentlc

durlng high dlscharge and change to:8 lotlc elvlronlnent at lolt

flow, flushlng chub larvae lnto the malnchannel. Theee chub

larvae may suffer htgh mortatrlty from thermal shock'

NarratLve DescrL tion of Alt,ernatlve Numbe r Three
t{axlm Lzed Power Plant Releases from Glen Can on Dam

llonth Acre feet Averqge :ronthlI fl-ow

Oet
Nov
Dec
Jan
Feb
tla r
Apr
lta y
June
Ju 1y
Aug
Sept

9 r200
9,4oo
13 r400
L4,500
9 r500
I,300
9,7oo
9 1000
9 ,800
t7 ,00 0
16 r 500
10r200

558r000
560,000
856 ,000
889 ,000
527 ,000
510,000
578,000
551,000
585 roO0
1rO45r0oo
1r012r000
609,000

Ranges

8 r 0oo- 25 ,0oo
8 ,000- 25 ,000
8 ,000- 25 ,000
8 ,000- 25 ,000
8 r 000- 25 ,000
8r000-251000
8r000'25r000
8 ,000- 25 ,000
8 ,000- 25 ,000
Srooo-25r0oo
8 ,000- 25 ,000
8 r 000- 25 ,000

Dl.scusslon of Alternattve Number Three

Alternatlve number three does not have the mlnlmum flows of

alternatlve number tlro. Most ralnbow trout epawnlng bars in

Reach l0 would not be dewatered. However, emergent trout along

:tllbedlsplaceddallybyfluctuatlonsthe 1lttora1 areaa could sl

of 8r000-25r000 efs. Fluctuatlng flows nay increaee drlft of

Gammarus Lacustrls naklng then more vulnerable to trout

predation. However, G. lacustrls population Levels nay be

negatlvely affected tf flows fluctuated throughout the year'

shes lncludtng hunpback chub would be

sLrnLlar to those descrlbed ln alternatlve two'
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Narratl,ve Descri tlon of Alternatlve Numbe r Fou r
tEfrmlzed Power

tlon t h Acle fee t

PLant ReleaseB fron Glen Can on Dam

Ave r,ag€ no n t hl y ,f Lgw

Oct
Nov
Dec
Jan
Feb
lla r
Apr
May
June
Ju 1y
Aug
Sept

300,000
300 ,000
7 Ao ,0oo
700,000
300,000
300 ,000
300,000
300, ooo
1 ,487 ,000
1r537 r0oo
1 ,5 37 ,000
500 , oo0

570r000
530 ,000
490,000
490n000
444r000
490 ,000
750,000
800 ,000
800r000
I ,04 5 ,000
1r012r0'oo
800r00o

4 ,9oo
5 r000
1l,400
1t ,400
5 r40o
/+ 

' 
900

5rooo
4 r900

25 ,000
25 r000
25 r000
I,400

9 ,3oo
8,9oo
I ,000
8 r 000
8 r0oo
I,000
L2 ,6 00
L2 1200
13 ,400
17 ,000
16 ,500
13r400

Range s

1 ,000-3 I ,500
1 ,000-31 ,500
I ,000-3 I ,500
1r000-31r500
1r000-31r500
I ,000-31 ,500
I , oo0-31 ,500
1r000-31r500

25 1000
25 1000
25 r0oo

I ,000-31 ,500

Ranges
1-

1 ,000-31 ,500
6 ,000.- 10 ,000
5r000-lor000
6r000-10r000
6r000-1oro0o
6 ,000- I 0 ,000
1r000-31;500
I ,000-31 ' 500
3 ,000-31 ,500
3rooo-31r5oo
3r000-31r500
I , oo0-31 ,500

Dlscueslon of Alternatlve Number Four

' t{inter flows Ln alternatlve number four dupLtcate wlnter
flows Ln alternatlve number two. The Bame effecta on rainbow

trout dlscussed 1n scenarlo two apply here.

ln June may benefit humpback chub

If ltay were slmllar and dfd not

fluctuate, thle alternatlve would be eatlefactory for hunpback

chub. The Bteady flowe through the sumDer would provlde warm

The hi gh s t eady f lows

spawntng and recrultn€rt.

backwaters beneflcial to
fLsh.

larval and young-of-th€-year nat lve

NarratLve Deecrlotlon of Alternative Number Flve
Cs from Glen CanYon DaD

tlonth Acre feet Ayerese -ngnthll flow

Oct
Nov
Dec
Jan
Feb
lla r
Apr
tta y
June
Ju 1y
Aug
Sept,
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Dl.scussLon of Alternative Number Flve

Thie alternatl.ve does not provlde a nlnlmun flow of 8r000

cf s for 'lnundattrig epawnlirg bais' durtnf ' the 'wlirter' Those

portions of the bare where spawnlng could 8t111 occur oay be

dewatered. Howevbr, newly emergent fry ' would fLnd sultable

llttoral habltat and fluctuatLons Ln the trarrow iange proposed

would not be deleterioue.'

Thi-6 alternatlve; ,sould'have'th€r aaoe negatl've lnpacts on

natlve fishes and hunpback chub aa alternative two'

DLscueslon of'Alternatlve Number; Slx' :

. : . . ...1t ,,,,..:,.,;., r..:: . 
.

scenarLo slx proposes how b-est to route water downstreaD if
warer had ro ;;;";;";- 

t 
,n ' . '" -""t,' 'durlng hilgh runof f , water

has been'byfasqea fn thg eprlag. These htgh eprlng rdlscharges

;';;;;'+ioo.""'l'"nd' i"i"t iot 'to i negattvely af f ect:',:''."::"::..':]]::"".*:':].'.':,..',::':'-:.:".,..'.'.'..
approach 'hlstorlc flows and seem no

I i rf l. i:

hunpback chub. 'Th.y t"y l;;'f'act' provlde ]addltlonal spawnl'ng and

nurBery habitat ln the noutd of 'the 
-"taa-t" . 

aolottUo Rlver.

Eowever, the rate rt whlch the water level ls increased and

decreaaed nay, sf fectr nat:lve aud ,i.ntroduced f lehes.
|..:'l...'.'..i|.]....l1..]].....].

Dlecusslon of ALternatlve' Number ,Seven

Scenarlo seven evaluates how to parcel out water during low
! l---- l,-- t -water years. 

-Ii' ils felt'' that 18.23 UAF set down by law rePreaents

drought eondtt lons . To maximLze aquatLc resourcesr annual

discharge needs'i,to ieiceed 'this leve1. If annual dlecharge drops

below 8.23 MAtr't'then nattve and introduced specles wouLd both be

adversely af f ected. tf ittrts 
-were- 

to occur lt Eay be beat to have

low wateilretreaeed ,"dtrri.ng the ,'wlnter and to coaserve water f or

nat lve f lsh epawnlng ln the ap.ring and early 8utrlr€t o Rainbow

trout could ,'' be .,etocked to nltl8ate .loses qf natural

reproductlon.: Even though,,slth reductlon of habltat; however, lt

would be unknown 'what populatlon levele could be supported at

such low flows.
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Other Alternatlvee to Preeent' Operatlon

,. r ,1o pr.oposl.ng alternatlves for operatlon, of the dan, 1t muat

be remembered that theee atudles have exanLned a systeD at a

pglqt ln tlne when what we Baw was not only dtctated by present

flows, but the flows that proceeded the studyi An operatlng
alternative that . would optlnlze flows for fleheg would lnclude
flows for all llfe Etagee aa well'as provldlng food and habltat.

Flows would need to maintaln a minlmum of approxtmatelY
8r000 cfs to inundate spawnlng areaa ,durlng wlnter for trout.
Florys ln early spring would need to be steady to provlde stable
habttat for emergent fry. If food could be made more avallabIe
to trout by fluctuatLng the waterr, t.h.o fluctuatl.ng flowe for
aome unknown amount of tlne may be beneficlal.

Flows for ,natLve f1shes, especlally hunpback chub, would be

best hlgh and eteady durlng late eprlng aad early aunmer, then
dropplng to a lower level but renalnlug steady wlth llttle or no

fluctuatLon. Thle would create addttlonal backwatere for rearlng
of larval natlvee.

If the deternlnatlon 1s nade"to maxlmize flows for huupback

chub year round, the alternatl.vee for the trout could be

examlned. Thle nlght Lnclude conBlderlng stralns of ralnbow
trout that spawn durlng dlfferent aeaaons than what presently
occurs. Thls also holde true lf more flextbtllty ln release
patterns are deslred. Summer spawnlng trout coulil be used to
naximlze' flowe for both hunpback and rainbow trout durlng the

Same seaaons

A :better underBtendlng of certain areas 'would provlde
eesentlal addltlonal lnformatlon. These areag lnclude
zooplankton, lnvertebratea , backwaterB, and hunpback chub.
UtllLzatlon of rzooplankton by larval natlve flshes and ralnbow
trout fty has been establlehed. Zooplankton may be of crltlcal
lnportance to the early 11fe stages when flshes are too enall to
conaume large prey. The followlng queBtl.ons remain.
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If the plankton ln the river ere lndeed from the reservoLr,
then what 1e the communl.ty Btructure and seaEonallty at a depth

greater than 60 m sh:ere the water'fo,r,releage,.1s wlthdrawn? How

can we maxl.mlze use of the comnunlty by flow releases to the

river? Are there zooplankton comnunltles establlehed ln low

veloclty downrLver habltats ?

q. lacustrls and'lneecte provlde fo'od for the f tsh fauna.

Durl.ng most of the study, G. l-aiuetfls ,uade up from 5.-LOZ of

t rout gut vo lurt€ r IIowev€F r when the discharge pattern was

aLtered in October 1984r,9.: !.acUqtfl.s voLume in trout gutg

increased four..fold'. Can the sys ten be managed to provide a

variety of discharge pattrerns to optLulze f lsh 
-:a-ttt 

zatto.n 
:t 

g'
lacustrLs. Hors does Q.' ,latUsp.riSt reepond to dl-f f erent discharge

patterns and 'are ,there geaaonal lnteractl.ons? Backltaters have

been 'shown to be ''lmportan1 habltats for larval and young-of -the-
year natlve fLehes lncludlng hunpback chub. Are there factors
other than tetnpefature'and veloclty that contribute to hlgh flsh
densltlee? Eow ao UackwaterB change Physically wlth changes I'n

f low?

Though nany dats lrere collected on the populatlon of

humpback chub tn ttre Grand Canyon, most nere Ln relatlonahlp to

the Little Colorado RLver. We know that during much of the year

hunpback chub ar.e uelng the malnchannel, and we collected adult
chub throughout the lower reaches of the study area. Most of

these ftsh move to the Llttle Colorado Rlver ln the sprlng for
spawning. ,Aie there , aa rre be lLeve , other trlbutarles providlng

addttional spawning areas? And flnal1y, what is the frequency of

successful reproductlon necessary to nalntaln current populatlon

levels?
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Aipendtx 4' r ' ::l:tlil: ;:f :::d:*ffi1::'
Grand Canyon durtng the

ln coLLectlng ftshes
and trlbutarles tn
perlod Aprll 1984 -

Elect rof l shlng ( ntnutes )

r984
llalnstream

1985 1986
SPR SUM AUT

1343 1381

r 984

WIN SPR SUU AUT WIN SPR

s22 3305 3478 1891

TrlbutarLes
1985

760 33r0 2018

1986

179 lll

Selnlng (sq n)

1984

95 101 65 46

Mainstream
1985

AUT WIN SP R

L66

1986

SPR suu AUT WIN SPR SUI.{

9l

2500 6800 450

Tramnel Net (hours)

1984

AUT T{IN SPR

498 3s5 21 31 10128 3573 729

Malnstream
r 985 1986

SPR SU M AUT W IN SP R SUI'I

SPR SUM AUT WIN SP R SU I-{ AUT

110 84

Trlbutarl,es
1985

WIN SP R

0

1986

33

I 9 84
SPR su lr AUT WIN SPR SUM AUT WIN SPR

t52 51

Dtp Net and Larval

r984

6 0 rl9

Selne (sq n)

")

5l L2

MaLnstream
r985 1986

SPR suu AUT WIN SPR SUU AUT WIN SPR

0 0

''

r 984

287 916 278 487 57 8

1986
Trlbutarl,es

1985
T{IN SPR SUM AUT WIN SPR

102 202

SPR suu AUT
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Appendtx 4.2. Larval s€lne catch per
by habl.tat, substrate,
COV€f r

unlt"ef f qrt
and presence

( cat ch I tOOrn2 )
or absence of

,, Ralnbow

Me an

trout

PercentHabitat

Backwater
Eddy
Run
Stde Channel

SU B S TRATE

Boulder
Rubble
Cobble
Gravel
S and

COVER

No Cover
Cove r

HAB ITAT

Backwater
Ed dy
Run
Stde Channel

SUBSTRATE

Boulder
Rubble
Co bb 1e
Grave 1
S and

COVER

No Cover
Cove r

Flannelmouth sucker

5.0
30 .6
72.r
0.9

-
16.6
65.3
16.5
31.6

11.7
40.9

4.9
1.5

:

2.9
2.7

2.L
2.7

4.6
28 .2
66 .4
0.8

0.0
-

39 .0
20 .9
40. I

22 .3
7 7 .7

75
24

51.3
4g .7

43.6
56 .4

SD

32 .7
118.4
237 .4

3.3

Itr.S
r32.3
91.3

149.3

57 .7
170.9

25 .3
10.5

-
I

tr6trxt av

19 .2

11.6
20 .2

lLt

r93
141
t17

14

19
29
L2
44

368

182
283

193
141
LT7

L4

r9
29
L2
44

368

r82
288

.7

:3

-
I

I

-
-
-
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Append 1x 4 .2 . co nt lnue d .

Bluehead sucker

Hsbltat

Sackwater
Eddy
Run
Slde Channel

SUBSTRATE

Boulder
Rubble
Cobble
Gr ave 1
S and

COVER

No Cover
Cover

It$,B I TAT

Backwater
Eddy
Run

' slde Channel

SU B S TRATE

Boulder
Rubble
Cobble
Gravel
Sand

COVER

No Cover
Cover

Humpback chub

Me an

L2.8
1.8
4.6

L .7
-

13,8
6.5

0.0
0.9

-
-
-nr\ra l

0.6

14.9
29.5

Percent

66.7
9.5

23 .8

5.5
-

62 .8
31.7

0.0
100.0

6.0
-

94 .0

F

13.4
86.5

34 .2
65.8

.2
-
.5

0.1
-

L.7

SD

56.0
14. I
4g .3

9.3

lg.s
41.5

11.8

I

l8

I

0.6
10.4

102.1
125 .2

lL"

r93
141
I t7

T4

19
29
T2
44

368

r82
288

193
l4l
117

T4

r9
29
l2
44

368

182
288
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Append lx 4 .2 . cont inued .

Speckled

tlean

dace

PercentHabltat

Backwater
Eddy
Run
Stde Channel

SUB STRATE

Boulde r
Rubb 1 e
Cobble
Grave I
S and

COV ER

No Cove r
Cover

HAB I TAT

Backwater
Eddy
Run
Side Channel

SUBSTRATE

Boulder
Rubble
Cobble
Grave 1
S and

COVER

No Cove r
Cover

23.r
15.0
24.L

100.0

1.3
I

34 .0
25. I

l4.g
28.5

l4 .2
29 .4
93.7

r:

rlg

z.o
44,-3

7 .7
53. I

Fathead minnow

14.0
9.2

14.9
51 .7

1.5
'I

56.7
41.9

34 .2
65.8

I I .2
23.L
65.8

z.a
I

5.4
91.98

12 .7
87,3

SD

L17 .4
99. I
99. 3

331.0

4.9
G

180. 7

115.2

102.1
L25.2

81 .2
141.1
366.9

7.2

mlr
231.4

68.6
257 .2

.g"

r93
'1 4l
r17

L4

19
29
L2
44

368

182
288

193
141
TL7

L4

r9
29
l2
44

368

182
288
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Appendtx 7.L. Floy and- Car1ln
dur lng the s tudy

tag numbers us ed
985.

dangler
, 198 4-L

000 127;$ AAL42
000201-001000
024 L67 -0 25658
025685-025758
0257 7 0
025787-025801
025815-A25984
026036-026063
026101-026540
026551-026789
02680 5-0 27 00A
029003-028140
028153-028L97
028213-028450
028 466-028590
02860 I -029000
034393
0 c2L71-0 Czrg4a
0c22g9a
0t3 5 6-0L 042Lfr
300001-300126
300145-301606
301615-301725
301757-302A57
30207 6-302080
302101-302400
3A2408-302443
302451-302523
302530-303000
305001-305025
305040-306058
305073-306075
306084-306107
306116-306288
306307-306317
306 324-306400
305410-306662
305 67 3-30 57 4g

306 7 68-3 A6897
.306908-306961
305968-306975
306989-307375
307401-30745A
3A7 47 6
307482-307532
307551-307581
3A7601-307625
3077'04-307877
307884-307925
307938-308000
30900 I -30 9999
310001-310195
310207-310300
310326-310430
310437-310829
310883-310900
310924-311049
311101-311132
311 r44-31 r297
3113L2-311540
3r1601-31r874
311883-312518
312624-312858
3L2864-313155
31 3 r7 6-3 I 3225
31325L-313353
3 t 3 37 6-31 37 25
31375L-314199
31425r-314598
314651-314750
314801-314900
314926-31 4961
314976-315025
31 5 L26-3 I 57 24
315745
315826-315950
315976-316000

b

a -
b.r

Carltn dangler tags on
Canyon Creek Hat chery

humpback chubs
ra inbow t rout

'27 t-



Appendtx 8. I . Locat lon by
.--t-t rainbow trout

and season of
from 1984-86.

s tream reach
guts ana Lyzed

adult

$eason

Spr 84

Sum 84

Aut 84

Wtn 84-85

Spr 85

Sun 85

Aut 85

Win 85-86

Spr 86

Sum 86

TOTAL

l0 20 30 40 50 22 43 44 45 TOTAT

I

r 34

77

40

6'9

52

58

29

t4

72

6

162

77

L37

69

63

58

134

23

I

T4

I

29

1

10

28

l3

29

8

46r 20 34 r24 63 730

-27 2-



Appendtx B.Z. Nunber of adult raLnbow trout stomachs
food {tems' by stream reach and
(conbtned). Flsh wtth enpty gutB not

cont alnlng
trlbutarLes
lncluded.

Foo d
Item

Cladophora
Gamma rus
llo 11us ca
Oltgochaeta
Adult Insects

Aquat I c
Trtehoptera
Chtronomidae
Slnullidae
Ttpul ldae
Other Dtpt era

Terrestrlal
Hymenoptera
Hemtptera-Homoptera
Coleoptera
Other lnsects

Other invertebrates
Immature lnsects
Aquat 1c
Trlchoptera
Odonata
Plecoptera
Ephemeroptera
HemlpterB-Homoptera
Coleoptera
Chironomldae
Sinulltdae
Tabanldae
Tipul ldae

TerrestrlaL
Coleoptera
Dlptera

Other lnvertebrates
Fl sh eggs
Ftsh
Balt
Body parts
Detritus
InorganLc matter
lllaeellaneoua

Number of stomachs

l0

302
306

88
r7

0
176

I
2

I

26
r4

0
3
8

I
0
0
0
3
0

381
1l
2t

6

I
3
2

3
2

49
r34
154

55
32

452

20

r9
L7

1

0

I
2
3
0
0

I
0
0
0
0

0
0
0
0
0
0

t7
T7

0
0

30

33
29

0
0

0
0
3
0
0

2
0
0
2
I

I
0
0
I
0
0

34
34

4
6

0
0
0
0
I
0

29
33

4
0

34

40

53
83

0
0

t
7

r6
I
I

9

5
6
0

3
0
0
I
0
I

8l
93

2

3

0
0
I
t
0
0

74
87

9
0

r06

50

28
38

0
,1

....

$
3
I
4
I

3
5
5
2
0

2

0
0
0
I

,, 0
44
44

I
2

I
I
0
0
I
0

30
3s

4
2

0
0
0
0
0
0

L2
l8

9
0

19

Trlbs

T2
I
0
0

0
I
5
0
I

5
I
2

I
0

T2
I
2
3
0
0

11
T2

0
2

0
0
0
7

4
0

L7
16
I
0

2853

','*'2? 3-



8.3. 'Mean volurnee ( cc ) of adult ralnbow trout gut contents
by food lten frou malnetream Colorado River reaches

: ' and trlbutarlee combined. Fleh wlth enPty gutB aot
lncluded.

Fo od
Item

Cl-adophora
Ganma r u sffi
Oligochaeta
Adult lnsectg
AquatLc
Trichoptera
Chironomidae
Slnultldae
Ttpul ldae
Other diptera

Terrestrlal
Hymenoptera
Henipter a-

Homoptera
Coleoptera
Other Ins e ct I

Other Invertebrates
Immature Lnsects
Aquat 1 c
Trlchoptera
Odonata
Plecoptera
Ephemeroptera
Hemtptera-

Itomoptera'
Coleoptera
Chtronomldae
SLnullldae
Tabanldae
Tipulldae

Terrestrtal
Coleoptera
Diptera

Other Lnvertebrates
Fleh eggs
Ftsh
Batt
Body parte
DetrLtus
InorganLc matter
lflsceLlaneoug

Sum
No. of stomachs

r0

3.49
0. 30
0.8
0.02

0
0.04
0

<0.01
<0.01

0.01

<0.01
0

<0 . 01
<0 . 01

<0.01
0
0
0

<0. 01
0
0 .22

<0.01
<0 .01
<0.01

<0 . 01
<0.01
<0.01
<0.01
<0.01

0.11
0,09
0,16
0.03
0 .04

4 .63
452

20

3 .52
0.51
0. 04
0

<0 . 01
<0.01
0.03
0
0

<0 . 01

0
0
0

<0.01

0
0
0
0

0
0
0.09
0. 78
0
0

0
0
0
0
0
0
0. 03
a .42
0.05
0

5 .49
l9

, 30

2 .59
o. 35
0
0

0
0
0.01
0
0

<0 . 01

0
0
0.01
0.01

<0.01
0
0
0

0
0
0.17
0. 93
0.03
0.01

0
0
0
0
0.13
0
0.05
0.57
0.01
0

4 .97
34

40

0.65
0.81
0,
0

<0.01
<0.01
0.02

<0.01
<0.01

0.01

<0. 0 r
<0.01

0
0

0.01
0
0

<0 .01

0
<0 . 01
0.08
0.51

<0.01
<0.01

0
0
0.01
0.01
0
0
0.10
0.34
0.01
0

2 .56
106

50 Trl bs

0.77 1.32
0.32 0.04
00
0.01 0

00
<0.01 0.01
0.01 0.04

<0.01 0
<0.01 <0.01

0.01 <0.01

<0.01 0
0.02 <0.01
0.01 <0.01
00

<0.01
0
0
0

0.11
0.03
0.01
0.01

<0. 01 0
<0.01 <0.01

I .69 0.05
6,17 0.14

<0.01 0
<0.01 <0.01

<0.01 0
<0.01 0
00
0 0.15
0.01 0.65
00
0.05 0.10
0.16 0.20
0.01 <0.01
0.02 0

g .28 2.86
53 28

-27 4-



Appendlx 8.4.Mean seasonal volu6etrlc ,$ut, contents (cc) of

i:i:::;t1""11,t";t"?#:nt""r'.lr",'J"rt""i""fno"l"tJ.'"'i"rt'li
: I : i : I ; t . i." "'iiln 

""r1T 

t"' 
ri'; ?t"?:" ".1 

" I 
t;:i 

o u I I I " 
n' "

1984
l'1985

Food
Item

Cl adophora
Gamma r us
ffi
Oligochaeta
Adult Lnsects

Aquat i c
Trlchoptera
Chironouldae
SLmulttdae
Tlpulldae
Other diptera

Terrestrlal
Hymenoptera
Coleoptera
Hemtpt€rd-

Homopt era
0ther lnsects

Othe r lnve rt ebrat e s
Inmature lnseets
AquatLc
Trlchoptera
Epheme ropt e ra
Heuript€r8-

Homoptera
Coleoptera
Chirononidae
Slnullldae
Tabanldae
Tlpultdae

Terrestrlal
ColeoPtera
Dtptera

Other lnvertebrates
Fleh eggs
Flsh
Bait
Body parts
Detrltus
Inorganic matter
Utscellaneous

Sun
No. of Stomachs

spr

2 .53
0.63
0
0

0
0.03
0
0.02
0.01

0

9.01

0
0
0.03

0.02
0

,0

'0

0.43
0.08

<0.01
'0.03

0
0.09
0
0
0
0
0.09
0
0
0.15

4.05
5

Sum

4 .03
o .23
0.05
0.03

<0.01
<0.01
<0 . 01
0.01
0.03

0.09
<0.01

<0.01
<0.01
<0.01

0
0

'0

0
,0.28
0.06
0.01

<0.01

<0. 0l
0

<0 . 01
0
0
0.01
0.16
0.40
0.15
0

5. 54
144

Aut

3.53
0.51
o .24
0.01

0
0
0
0
0

0.01
0

0
0
0

0
0

0
o
o .22
0

<0 . 01
0

0
0
0
0
0
0
0.16
0.31
0.10

<0 . 0l

5.03
75

I .40
10/+

3 .23
69

Win sPr

0 .7 5 2.32
0.09 0.18

<0.01 0.03
0.01 0.01

00
00
0

<0.01 0
<0.01 0

0.01 0.02
0.01 0

<0.01 0
0 0.01

<0. 01 0

t'

<0.01 0
00:

<0.01 0
00
0. a7
o <0.0,1
00
00

00
00
00
0.01 <0.01

<0.01 0
0. 13 0 .04
0.02 0.19
0.07 0.02

<0. 01 0 . 01
0.02 0.2L

-27 5-



,iAppendtx 8.4 . Cont lnued.

Food
ften

Cladopho,ra
Gamma r us
ffi
Ollgochaeta
Adult lnseets
Aquatic
TrLchoptera
Slnultldae
Ttpulldae
Other dtptera

Terrestrial
Hynenoptera
HemipteEs-Homoptera
Coleoptera
Other lnsects

Other lnvert ebrates
Larval lnsects
AquatLc
Trichoptera
Ephemeroptera
Hemlptera-Homoptera
Coleoptera
Chtronomldae
SLnulltdae
Tabanidae
Ti pul I dae

Terrestrlal
Coleoptera
Dlptera

0ther lnvertebrates
Fish eggg
Fish
Batt
Body parts
Detrltus
Inorganic nat ter
l,llscellaneous

Sum
No. of Stomachs

r985 1986

Sum

4 . gg
0 .25
0.05
0.08

0
0
0
0.01

0.02
0
0
0
0

0
0
0
0.00
0.31
0.02
0
0

<0.01
0

<0.01
0
0
0.02
0.02
0
0
0

5 .67
63

Aut Wln

3.33
0.28
0.02
0

0
<0.01

0
0

<0.01
0
0
0
0

0
0
0
0
0.13
0
0
0.00

0
0
0
0.00
0.03
0. 28
0
0.06
0.00
0.00

4.r4
56

| .62
0.98
0.03
0

0
<0.01
<0.01

0

<0.01
0.01
0.01
0
0

<0.01
<0.01
<0.01
<0.01

o.7 6
3.04

<0.01
<0.01

0
<0.01
<0.01
<0.01

0.03
0.10
0.05
0.34
0.04
0

7 .02
124

spr

L .7 9
0.39
0
0.02

0
0.03
0.01
0.01

0.03
0.01
0.03
0.02
0

0.01
0.01
0
0
0.12
o .7 6
0.01
0

0
0
0
0
0:
0
0.06
0.34
0.01

0

3.65
22

-27 6-



Appendlx 9.1. Nuuber of ralnbow trout by ager year, and
reach collected by electroflshlng, nal'nchannel
Colorado RLver' 1984-86.

Rea ch

20 30 40 50 TotaLYe ar

1984

Total

1985

Total

1986

Total

Age

0
I
2

10

463
319
166

948

300
768
410

r478

24
104
262

390

4L
102
r57

300

133
778
812

L7 23

L2
377
617

1 006

10
35
61

106

r3
161
187

361

0
66
86

152

54
220
236

510

45
r955
r001

3001

0
617
56I

1185

2

L4
23

39

18
193

66

2,7 7

1

256
152

409

570
690
543

1903

509
3855
247 6

6840

37
1420
1685

3L 42

0
1

2

0
1

2

-277-



Appendlx 9.2 Electroflshlng effort (nlnutee) by year and
reach, malnchannel Colorado Rlver, 1984-86.

Year

1984

1985,

r986

Total

l0

829

t29 A

506

26 25

20

547

2580

1063

4190

Reach

30

268

r220

340

1828

ta

834

3343

I 150

5327

50

479

1656

9s9

3094

Total

29 57

r0089

4018

17 064

-27 8-



r,l, ,.. ,.

,---$:;

Appendlx 9.3 Cat ch pe r unL t
t rout by 88€ r
Coloredo River

effort (nlnute)
year, and reach,
, 1984-86,

of raLnbow
ma i nchanne 1

Reach

Year Ag.e 10 20 30 4A

0. 55

0.38

0. 20

1.14

0.07

0. l9

0 .29

0.55

0.05

0.30

0.31

a .67

0.23

0.60

0.32

1.15

0.05 0.01

0 . 21 0 . 35

0.52 0.58

o.77 0.95

0.04 0.06

0.13 A.29

o.23 0.28
:

0.40 0..6 I

0.01

0.13

0.15

0.30

0.01

0.58

0. 30

0.99

0. 00

0. 54

0.49

1 .03

0. 00

0.1.9

0 .25

0.45

50 Total

0,000 0.19

0.13 0.23

0.05 0.22

0.08 0.64

1984

Total

1985

Total

1986

Total

0

1

2

0

.1

2

0.01

0.12

0. 04

0.17

0.000

a .27

0.16

0.43

0.05

0.38

a .25

0._68

0.01

0.35

o .42

g-. 1g

0

1

2

-27 9-
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Appendtx 9.5. Seasonal condltlon factors for ralnbow trout (200-400 mm

reach, I 984-86.

Season

Sprlng 84

Sunnner 84

Fall 84

Wlnter

Sprlng

Sumner 85

Fall 85

Wlnter 85

Sprlng 86

84

85

10

1.13

I

L.L2

I .01

I .05

I .08

I .01

0.91

I .04

20

l. 19

1.1I

0. 96

I .06

I .04

I .02

I .00

1 .00

I .00

Reach

30

0. 94

I .00

0.96

0.92

0.90

0.97

0. 91

I .03

I .02

40

1.10

I .02

0.95

0.84

0.83

0.82

0.88

0.92

I .00

T.L2

0. 91

-

0.83

0.78

0.85

0. 82

0.88

I .01

50 Mean

1.10

I .01

I .00

0. 93

0.92

0.95

0.93

0.95

1.01

llean
0. gg

SD

0. 06

Number

I .05 I .02 0.96 0.90 0. 91

0. 14 0.11 0.11 0. 13 0. 13

1957 297 4 683 4151 74A 10s05
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Append tx 9.8. Length frequencles of bluehead Bucker
coJ. lected ebove, be1ow, and 1n the Llttle
Colorado Riv€rr 1984-86.

Numbe r Cbllected
Lqngth
lnterval (urn) IcR

10 - 19
20-29
30 r 39
40 - 49
50 - 59
60 - 69
70 - 79
80 - gg
90 r 99

100 - 109
110 - 119
120 r L29
130 - 139
140 - L49
150 r 159
160 - 169
170 - L79
180 - 189
190 - 199
200 - 2a9
210 - 2L9
224 r 229
230 - 239
24A - 249
250 - 259
260 - 269
270 - 279
290 - 289
290 - 299
300 - 309
310 - 319
320 - 329
330 - 339
340 - 349
350 - 359
350 r 369
370 r 379
380 - 3gg
390 - 3gg
400 - 409
410 - 4rg
420 r 429
430 - 439
440 .- 449
450 - 459
460 - 459

Total

Above LCR

I
25

2
I
I
I
I

20

65
68

301
264

T7

3
2

9
15
13

9
10

5
10

3
I
2
2

I

2

I
806

'l
I

Below LCRT
32
50
92
82
61
36
32,6
10

4
4
3

2

4
8
6
6

10
2r
L7
43
45
42
55
31
23
20
23
25
13
T2
L2
13 :i

3

l1
2

I
2

'285-
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Appendlx 11 .2. Ar Lzona Game and
records for Lee's

Flsh DePartment stocklng
F'erryr 1964-1986.

Nunbe r
Stocked

lle an
Lensth (nn) Stral.nDate

a3164
05164
a6164
07 164
LAl64
LT 164
0Ll6s
a3165
06165
a7 l6s
0e165
10165
0L 166
a4166
a4166
09166
a3157
03 167
05 | 67
06 | 67
L2 | 67
01/68
03/68
03/68
08/68
09/68
0516e
05 16e
a5l6e
a6l6e
o6l6e
0716e
osl69
04 l7 A ,

a517 0
a6 170
a7 170
a8 170
a5l7 r
07 l7L
08171
05 | 7 2

06 | 7 2

07 172
08172
06 173

10r200
5 ,000
5 .000
5 ,000
5 ,000
5 ,000
4 1366
4 r464
2 ,000
10,000
2 ,000
2 ,000
I ,500
10r000
I ,500
I ,500
5 ,000
1r600
2 ,500
I ,500
10 ,000
2 ,800
I ,000
2O ,00 o
4 ,500
10 r000
945
16,000
24 1000
1 ,500
11225
2o ,000
1 ,225
20 ,00 0
I ,050
1r050
11225
I ,050
2 ,45A
1 ,400
1 ,260
875
L 1225
L ,225
1 ,260
L 1225

140
216
254
267
279
279
292
292
254
76
216
2L6
249
76
292
229
114
318
178-254
241
102
279
229
127
203
140
24r
127
114
229
241
r78
216
152
229
229
229
229
229
229
24L
254
267
267
24r
215

NARalnbow t rout
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Appendlx 11.2. Contlnued

10/83

10/8s

Brook trout

Cutthroat trout

Coho salmon

Date

0s173
07 174
a5 l7 5
06 /7 3

03 /7 6
ra l7 6

04177
03/78
a7 ls0
0s/s0
0e/80
02/sr
03/81
08/81
07 ls2
39,287
06ls4
0s/s4
08184
0e184
02185
03/85
06/85
07 lss
0el85
0el8s
2190
041s6
06/86

06/77
a817 8
rr l7 8
07 /sa
0el80
09 /8r
L2 /87
06182
10/s3
08/8s
a6/86

11/80

6l7L

I ,225
3,990
30, ooo
4,500
50,000
50,000
95r000
5o,0oo
846
7 ,522
7r581
39,505
18,298
50,000
50,000
114
24 ,9 52
25 r000
28 r000
50,000
4 r962
19,841
15 ,0oo
60,158
30,0oo
943
305
53,180
34 r445

47 ,880
100 ,000
42,700
886
40 ,000
50,000
10,096
50 ,000
50 ,000
50 ,000
40 ,000

r2 /7 8
8s 7

20 r000

Numbe r
Stocked

Me an
Lensrh (mm)

241
216
76
229
51
76
76
LA2
229
140 '

140
LO2
LA2
102
102
Arlee
102
76
76
76
178
175
NA
76
76
381
Ftsh Lake-
67
Finge r l i.ng

64
64
Flngerllng
229
76
102
127
76
89
76
Flnge r 1 tng

60 r 000

76

StraLn

Plynouth
Servier

Bellalre
Bellatre
Shasta

Shasta
Mc Con aughy
Bellalre
Kanloops
Bellalre
Servler
Desmet
Bell-alre
Kamloops

OWH I
OWH I
Soda Lake
OWH I

76
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that allowed the reeearch to be coupleted. The people wlthln
thle organlzatlon that were lnstrumental: Brlan Dlerler, l{lle
Yerd, Tor and Janet lloody, Laurea Lucaa and Eelen f,,alevag.

steve carothere (st{cA, rnc.) ? steve waa Lngtrunental ln helplng
deelgn the Scope of lfork that waa utl1lzed on thls etudy. In
addttlon, he !re8 there to provlde constructlve crltlclsn when

needed.
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Iforn Sherber One of the thtngs tte needed to do waa to put
ttelect rlclty ln the rrater. rr Norn des lgned the equipnent needed
to wlthetand the rl.gora of worklng {n the canyon. l{lthout the
ttblack boxtt the volumee of data presented herel.n would never'have
been collected.

Frank Baucor (U.
tnplementatlon
redlrectlon lrere

S. fWS) r Frank also
of the study plan.
f requent ly provi ded .

helped wlth the design and
Helpful dlrectlon and

durtng the study' sPectal
of the study team were met

, allowlng us to maLntaln

of the people who ltorked
addtt lon, Butdance and

conducted at
no t have be en
hls staff at

Rtchard ltarks (NPS) - Several tLnes
loglstic help was requLred. The needs
or a reasonable alternatlve proposed
sampling schedules.

$teve Eodapp (NPS) e Steve was another
hard to develop the study plan. In
dtrectLon were often glv€or

Tor Garble
Glen Canyon
posslble tf
the dam.

(BOR) r Several lnportant studles were
Dam. The egg deslccatlon study would
tt htere Rot for the Bupport of Tom and

Rlchard llotter and Ton Ll.ater. (AGfD) - Much of the succeBs of
ttrfe study can be attrlbuted to theae two people. They both
spent many monthe collectlng the data that are presented here.
Their attltude always kept the trlp golng Ln the rlght dlrectlon.

Larry Rlley (ACFD) - One area of thts study that hae proven nost
dlfflcult has been the analysLe of the data that have been
collected. Larry hae always been wl11lng to he1p, adviee or
provlde lnsight lnto thls problen.

Alan Fredrl.cteon (AGFD) - A1 wae a nal or f orce ln the deeign and
Lnplenentatlon of the eg1 deelccatlon study. ltle wllllngnesB to
glve freely of hte tlne and talents are greatly appreclated.

Scott Reger r Shiela lfrege and LLn Plest
the Flagst aff reglonal o ff I ce provlded
manpotfer throughout the 8tudy. I{any of
thls report are a result of thelr effortg

(AGrD) - Per6onnel fron
adv L ce , e qul pnent and
the creel data wlthin
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Loren Eaury (Scrlppe Inetltute of Oceanography) - A11 zooplankton
ldentlflcatlone and counte from eanples collected during thie
etudy were aceoupllehed expertly by Dr. Haury

Tracy Eenderaon, Shlrley Ottlan and Goanle Young (AGFD) - The

many houra epent tn docunent preperatlon were expended by theee
people.

Flnally, there were many other people who gracl'oue1y provlded ug

wlth help on the river, proJect dlrectlon and moral Eupport. To

al-l of theee people we are deeply lndebted.
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